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Chapter 1
General Introduction
1.1 Formation
Studies dealing with formation of acrylamide identified very early the amino acid asparagine as an
important educt. Several formation paths have been shown:
• The condensation product of asparagine and glucose, N-glycosylasparagine, that is created at
the beginning of the Maillard reaction, was suggested as a precursor.
• The Strecker-reaction of asparagine and the formation of its Strecker aldehyde were considered
as other possibilities.
• Additionally, it was shown that decarboxylated asparagine, 3-aminopropionamide, is able to
release acrylamide during heating.
• A reaction mechanism involving acrolein and acrylic acid has been considered as well.
The formation of acrylamide in food was traced back to the Maillard-reaction by Stadler et al. [1] and
Mottram et al. [2] in 2002. These results were verified by findings from Becalski et al. in 2003 [3].
Mottram et al. discovered that acrylamide is generated especially at temperatures above 100 ◦C and in
presence of asparagine. It was also proven that reducing sugars or similar dicarbonyles from Amadori
products were necessary for an increased yield. The formation path proposed by Mottram involved
the Strecker degradation and the resulting aldehyde. Furthermore, he pointed out pathways involving
acrolein and acrylic acid (Fig. 1.1). The reaction between sugars and asparagine at the beginning of
the Maillard reaction was also held responsible for the formation of acrylamide by Stadler. By the
use of isotope-labelled asparagine he was able to trace the carbon backbone of acrylamide back to
this amino acid. Yaylayan et al. proposed a formation path based on N-glycosylasparagine, which
is generated at the beginning of the Maillard reaction [4]. Intramolecular cyclisation and subsequent
decarboxylation leads to an Amadori product, which releases acrylamide at elevated temperatures
(Fig. 1.2).
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Figure 1.1: Pathways for the formation of acrylamide after Strecker degradation of asparagine in the presence
of dicarbonyl products proposed by Mottram et al.. R1 = -CH2CONH2
2
CHAPTER 1. GENERAL INTRODUCTION
Figure 1.2:Mechanism of acrylamie formation from a decarboxylated Amadori product of asparagine proposed
by Yaylayan et al.
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Figure 1.3: Pathways for the formation of acrylamide after reaction of asparagine with a carbonyl group to a
Schiff base proposed by Zyzak et al.
4
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Zyzak et al. found that dicarbonyles are not absolutely necessary for formation of acrylamide [5].
Other reactive carbonyl groups were tested as potential reactants, too. Isotope-labelled asparagine
helped in finding another pathway: Asparagine reacts with a carbonyl group to a Schiff base, which
decarboxylates at higher temperatures. The product can dissociate to acrylamide and an imine or
hydrolyse to 3-aminopropionamide, which dissociates to NH3 and acrylamide (Fig. 1.3). Thus, this
molecule was proposed as a possible precursor by Zyzak et al. Granvogl et al. deepened this idea
and identified the in-vivo decarboxylation and subsequent deamination of asparagine as a possible
source of 3-aminopropionamide [6]. However, the study showed that only small quantities of this
substance are present in food. Hence, this pathway was regarded as being of minor importance.
In a second study, Granvogl et al. examined the possibility of heat-induced decarboxylation and
deamination of asparagine [7]. Using Gouda cheese as an example for a food with low concentration
of 3-aminopropionamide and high concentration of asparagine, the generation of acrylamide without
the presence of reducing sugars was demonstrated. An effective transformation of the precursor was
observed.
The formation path involving acrolein and acrylic acid was investigated by Yashura et al. [8].
Acrolein is generated during the degradation of lipids amongst others and has been associated with
acrylamide formation during deep-frying. The heating of asparagine, acrolein, acrylic acid, NH3 and
various carbonyl compounds in different model systems presented several potent mixtures: Among
the known combination asparagin/glucose (yield of 1.200 µg acrylamide/g amine) and asparagine/acrolein
(114 µg acrylamide/g amine), NH3/acrylic acid (190.000 µg acrylamide/g amine) was the most ef-
fective mixture. As possible sources of NH3 in food the deamination of α-amino acids or the Strecker
degradation were suggested. The authors proposed that acrolein oxidizes to acrylic acid and further
reacts with NH3 generating acrylamide.
1.2 Factors & minimization
In addition to the mechanistic formation path of acrylamide, studies about factors promoting the
formation were conducted using model food systems. These studies used conditions that were similar
to industrial and household food preparation. With the aid of model food-systems the influence of
different components on acrylamide yield were examined.
1.2.1 Sugar
With the aid of a potato-model, Biedermann et al. demonstrated that fructose increased the yield
of acrylamide compared to glucose [9]. It became apparent that glucose increased the amount of
acrylamide only half as much as fructose. These results were verified by Pollien et al. [10]. Sucrose
5
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as a potential reactant was already determined by Stadler et al. [1]. However, the heat-induced
hydrolysis of this non-reducing sugar was a prerequisite for subsequent reaction of its components
glucose and fructose [4].
1.2.2 Fats
The possible role of lipids was examined intensively. Firstly, the highest concentration of acrylamide
is generally produced during frying and deep-frying of foods, whereas no acrylamide is detected
after boiling of foods in water. Secondly, a possible reaction-path involves a typical lipid-oxidation
product: acrolein. Thus, subsequent studies addressed the question whether the addition of oil to dry
food-models led to an increased formation of acrylamide. Another aspect was the respective ability
of different oils to generate acrylamide. These studies led to contradictive results. The addition of
different oils to potato-models resulted in increased yields (Becalski et al. [3] and Tareke et al. [11])
whereas studies conducted by Biedermann et al. [9] did not show an effect on the yield after addition
of oils to a potato-model. Even abused, i.e. overheated, oil had no impact on the formation yield.
Consequently, Biedermann ruled out a significant contribution of acrolein to the formation. Becalski
et al. [3] and Tareke et al. [11] observed different impacts of each oil examined. A comparative study
of various plant oils by Mestdagh et al. [12] showed that the type of oil had no significant impact.
It is assumed that the possible impact of oil can be traced back to an improved heat transfer into the
food.
1.2.3 Proteins
Generally, only small amounts of acrylamide are detected in meat [3, 13] and only small amounts of
free asparagine are present. However, the reaction between acrylamide and typical meat components
is possible. This assumption is corroborated by various studies: Biedermann et al. reported that the
degradation of spiked acrylamide is more distinct in a meat matrix than in a starch-based matrix [9].
Rydberg et al. showed that the addition of fish to a potato-system resulted in a lower yield [14].
Becalski et al. reported that the addition of asparagine and cysteine to a potato starch matrix led to
a decreased formation of acrylamide compared to the exclusive addition of asparagine [3]. The bond
formed between acrylamide and SH-groups can be considered as a possible reason for this effect.
The ability of amino acids to form acrylamide was already addressed in studies concerning the mech-
anistic formation path. It was reported by Stadler et al. that asparagine contributes by far the most to
the formation [1]. Only methionine showed a low yield after heating with reducing sugars, too.
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1.2.4 Water
Since acrylamide is mainly formed via the Maillard-reaction, the moisture content of the matrix is a
critical factor. However, several studies led to contradictory results. The influence of water was anal-
ysed by Elmore et al. by means of doughs possessing various moisture contents [15]. The doughs
were deep-fried for different times. The humidity decreased while the content of acrylamide in-
creased. It was concluded that low moisture led to an increased yield of acrylamide. In contrast,
Mestdagh et al. used a closed system, where the water could not evaporate, and found the opposite
conclusion, namly an increasing effect of water on acrylamide formation. The results of Elmore et al.
were explained by the thermic energy that acts upon the matrix: At first, the inside temperature of the
food does not exceed 100 ◦C, because water has to evaporate and no significant amount of acrylamide
was generated. Only intensive heating and evaporation of water leads to an increased acrylamide
yield.
The factors affecting the acrylamide content in coffee and drinking water investigated in the presented
work are mentioned in the following.
1.2.5 Drinking water
In contrast to other food, acrylamide is not generated in drinking water. In fact it is transported by
external effects into the water. Polyacrylamide is used as a grouting agent in tunnels, dams and wa-
ter pipes. The formulation always contains the monomer in variable percentages. Due to its high
solubility in water it easily reaches the ground water. A study by Smith et al. demonstrated that
heat, light and special weather conditions accelerate the depolymerisation process [17]. Thus, the
resulting level of contamination exceeds the initial monomer content. Additionally, broad applica-
tion of polyacrylamide in the paper-, textile- and plastic-industry leads to transfer of acrylamide into
waste-water. Since polyacrylamide is used for flocculation in waste-water treatment, even a direct
introduction of the monomer into drinking water is possible. Producers of polyacrylamide certify
the maximum monomer concentration of 250 mg/kg. The WHO set the maximum concentration at
0.5 µg/L [18] and the US Environment Protection Agency (EPA) demands water suppliers to certify
that the monomer level does not exceed 0.05 % at a maximum dosage of 1 mg/L [19]. Within the EU
the limit set in the directive EU 98/83/EC allows a maximum concentration of 0.1 µg acrylamide /L
drinking water [20].
1.2.6 Coffee
Even though relatively small amounts of acrylamide were found in roasted coffee, this product con-
tributes considerably to the daily intake due to its high consumption. Its contribution was estimated
7
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to be 36 % of the daily acrylamide intake in Norway, Sweden and Switzerland [21, 22] and around
20 % in Denmark [23]. The relatively low concentration (170 - 351 µg/kg) can be ascribed to high
temperatures during roasting [24]. Experiments using coffee spiked with 14C-labelled acrylamide
demonstrated that more than 95 % were degraded during roasting [25, 26]. Because of the important
impact of the roasting procedure on the organoleptic properties there is only a small working range
for minimisation. The influence of roasting time and temperature on the acrylamide concentration
was examined in a study by Lantz et al. [27]. It became apparent that the extension of the roasting
time within the common industrial range made no significant improvement. The mean amount of as-
paragine in coffee varieties Robusta and Arabica was 797 µg/g and 486 µg/g, respectively. The most
available sugar was sucrose (49 mg/g (Robusta) and 79 mg/g (Arabica), respectively). The correlation
between the content of both precursors and the formation of acrylamide during roasting showed that a
high amount of sucrose led to lower concentrations of acrylamide [28]. Asparagine can be regarded as
a limiting factor. Thus, selection of adequate coffee varieties is the only approach for minimisation.
1.3 Toxicology
1.3.1 Metabolism
The main mechanism of detoxification is conjugation of acrylamide with glutathione and subsequent
secretion of the mercapturic acid. The product, N-acetyl-S-(2-carbamoylethyl)-cysteine is secreted
with the urine [29, 30]. The conversion of acrylamide by means of cytochrome P-450 represents
another important type of reaction, resulting in formation of the more toxic glycidamide [31, 32].
On the one hand, glycidamide can be hydrolysed to 2,3-dihydroxy-propionamide by an epoxide-
hydrolase [33], on the other hand it can be converted to its corresponding mercapturic acid with the
aid of glutathion-transferase [34]. Alkylation of the SH-group of cysteine is assumed to be another
mechanism of detoxification [35].
1.3.2 Neurotoxicity
Workers that accidentally had been exposed to higher amounts of acrylamide showed symptoms of
a peripheral neuropathy [36]. The concentration of haemoglobin-adducts correlated well with the
intensity of the observed symptoms. The consequences of short-term occupational exposition were
weak legs, loss of toe reflexes and sensations, numb hands and feet, followed by skin peeling from the
hands. Longer exposure led to cerebellar dysfunction, i.e. exaggerated movement and motor function,
followed by neuropathy [37]. There are two mechanistic hypothesis of acrylamide neurotoxicity: The
inhibition of either the neurotransmission or of the intracellular axonal transport [38, 39].
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1.3.3 Reproductive toxicity
In spermatides of rats and mice lethal mutations induced by acrylamide were reported. Thus, acry-
lamide is classified as mutagenic [40]. Furthermore, the feeding of water solutions of acrylamide to
rats during breeding, gestation and lactation, led to disruptions in mating, interference with ejacu-
lation, decreased food intake and body weight gain, decreased pup body weight at birth and weight
gain during lactation [41]. Feeding of neurotoxic doses to rats results in reproductive toxic effects:
formation of abnormal sperm, decreased sperm count, reduced fertility rates and increased resorp-
tion of fetuses [42, 43]. The mechanisms of reproductive toxicity are assumed to be the alkylation
of SH-groups in the sperm nucleus and tail, depletion of glutathione and DNA-damage in the testis
[35].
1.3.4 Carcenogenicity
Acrylamide is classified by the International Agency for Research on Cancer (IARC) as category
2A "probably carcinogenic to humans "[44]. Animal studies showed that acrylamide can induce an
increased incidence of cancer of the brain, the central nervous system, the thyroid and other en-
docrine glands as well as reproductive organs of mice [45]. A lifelong feeding of upto 3 mg/kg body
weight/day to rats increased the incidence of tumors in several organs. The metabolite glycidamide
was identified as the major carcinogen in rodents. Friedmann pointed out that it has to be elucidated
if these carcinogenic manifestations can be transferred to humans [24]. The research on the mech-
anisms of carcinogenesis showed that acrylamide and glycidamide are able to modify DNA both in
vitro and in vivo [35, 47]. Acrylamide reacts with DNA, forming adenosine- and cytosine-adducts. In
examinations of acrylamide-treated rats and mice only the glycidamide derivate, N-7-(2-carbamoyl-
2-hydroxyethyl)guanine was found [48]. Concerning the reactivity with DNA, it was shown that
glycidamide was 100 - 1000 times more reactive than acrylamide.
1.3.5 Risk
Numerous studies in several countries were conducted concerning the acrylamide intake of the pop-
ulation. The average intake by adults was estimated to be 0.3 - 0.6 µg/kg body weight/day [49].
Children and adolescents tend towards a higher intake relative to the bodyweight. This was explained
by their higher caloric intake and the preferred consumption of acrylamide-rich food like potato chips
and crisps [22]. The contribution of each food to the intake varies across countries according to their
dietary pattern. Taking all together, the major sources are potato products, bread and coffee [50-52].
An exact estimation of the acrylamide intake is difficult for several reasons: The concentration varies
between foods of different brands and even batches. Furthermore, there is no reliable estimation of
9
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the acrylamide content of homemade food due to its dependence on the cooking parameters. Ad-
ditional sources that have to be considered are cigaretts, cosmetics and water. Existing estimations
of cancer risk to humans due to low acrylamide-doses are all based upon a study by Johnson et al.
with high doses of acrylamide in animals [53]. The US EPA estimated cancer risk at 4,5 x 10-3 per
µg/kg body weight/day, i.e. 45 additional cases per 10.000 people with a mean acrylamide intake of
1 µg/kg body weight [54]. However the WHO/FAO estimated the cancer risk at 3.3 x 10-4, i.e. 33
additional cases per 100.000 people [55]. Significant uncertainty surrounds these estimates. The un-
derlying study used doses at 3 - 5 orders of magnitude greater than the estimated intake. It is possible
that the metabolism from acrylamide to glycidamide at lower doses may be decreased and protective
mechanisms like DNA repair and apoptosis may be more effective [49].
1.3.6 Epidemologic studies
For examination of the connection between acrylamide intake and cancer risk several epidemiological
studies were conducted or evaluated. Mucci et al. examined the relation between dietary intake of
acrylamide and cancer of bladder, kidney and large bowel [56]. For this evaluation, data from a former
Swedish case-control study were used. Information on dietary habits was assessed through a semi-
quantitative food frequent questionnaire. The acrylamide content of each food item was estimated by
the ranking given by the Swedish National Food Administration. Their intake was summed-up, dis-
tinguishing smokers and non-smokers. No evidence was found that an elevated intake of acrylamide
from food or smoke led to an increased risk of the examined types of cancers. The same conclusion
was drawn by Mucci et al. in a similar study [57]. The data of a case-control study dealing with renal
cell cancer was reanalysed accordingly. No positive association became evident. Case-control studies
are susceptible to recall and selection biases. Prospective studies that follow the proband over a longer
period are considered higher evidence. Two prospective studies on acrylamide intake and cancer were
assessed by Mucci et al. [58, 59]. The first study analysed data from the Swedish Women‘s Health
and Lifestyle Cohort concerning breast cancer risk. Over 43.000 women were followed from 1991
until end of 2002. The data of the second study was obtained by over 61.000 women in the Swedish
Mammography cohort. Based on colon cancer cases the association between acrylamide intake and
cancer risk was examined. In both studies the authors found no evidence for a positive association
between acrylamide and cancer risk.
1.4 Analysis
Since the discovery of acrylamide in food in 2002 several studies about analyses were published.
Numerous reviews summarized the analytical methods [26, 60-62]. It became apparent that sample
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preparation and extraction had a great influence on the results. Due to the diversity of sample matri-
ces, various measurement methods and sample preparation procedures were applied. Even using the
same measurement method and identical sample matrices, diverse protocols were used, proving that
coffee and cocoa were the most problematic samples. Actually, liquid or gas chromatographic sep-
aration combined with mass spectrometric detection and the use of isotope-labelled standards were
commonly applied.
1.4.1 Extraction
Because of its high solubility in water, the most widespread method is the aqueous extraction at room
temperature [23, 50, 63-97]. However, the use of mixtures of water and organic solvents [3, 5, 68,
98-100] or the use of organic solvents without addition of water were reported, too [74, 101-106].
Sometimes elevated temperature is used for swelling of the matrix and to achieve better penetration
of the extraction solvent into the food matrix [68, 83]. Application of digestive enzymes like amy-
lases was tested, resulting in no positive effect on the extraction yield [68, 78, 107]. Parameters like
temperature, duration of extraction, amount of solvent, degreasing steps, the particle size of the ho-
mogenized sample itself and the use of mechanic force (stirrer, shaker) varied clearly. Accelerated
solvent extraction (ASE) was applied as alternative extraction method [108-110]. The most suitable
organic solvent for ASE with highest sensitivity and lowest impact on the food matrix was acetoni-
trile. The apparent advantage compared to aqueous extraction was the possibility to evaporate the
solvent and hence to concentrate the analyte.
1.4.2 Clean-up
Because of high concentrations of matrix compounds like sugars, proteins, salt, and lipids, sample
clean-up is important especially if sensitive mass spectrometers were applied for detection. Most
clean-up procedures consisted of multiple solid-phase extraction steps. To cover a wide range of co-
extracted compounds possessing different polarities, different solid phases were applied. Depending
on the food sample, activated carbon-, ion exchange-, reversed- and mixed-mode-phases were used
individually or combined to achieve effective purification. The Oasis HLB (hydrophilic-lipophilic-
balance) phase, a wettable reversed phase material, was applied for several sample matrices, too [2,
8, 12, 16, 78, 88, 105].
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1.4.3 GC-MS
For determination of acrylamide by gas chromatography, two strategies can be followed: Firstly, it
is possible to detect acrylamide directly using GC-MS. Secondly, acrylamide can be derivatized with
bromine prior detection. Currently, quantification after derivatization with bromine is much more
common.
The direct determination with GC-MS offers the advantage to omit the laborious and time-consuming
bromination step. Furthermore, there is no need to handle dangerous chemicals. Because of the
high polarity and low volatility of acrylamide, the choice of the best GC phase is crucial. Especially
when taking into account that water, which is ill-suited for injection into GC-systems, is the preferred
extraction solvent, selection of the best phase is a prerequisite for valid analysis. Mostly a more or
less extensive sample preparation is necessary since co-extracted precursors may result in acrylamide
formation after injection into the hot injector system, falsifying quantitative results. Unfortunately
the low molecular weight of acrylamide (71 Da) results in a very unspecific mass signal, not allowing
for unequivocal identification of acrylamide [61]. Consequently, the addition of an isotope-labelled
standard is essential.
The determination of acrylamide by GC-MS after bromination was already applied to analyses of
drinking water, waste water and crop [65, 66, 111, 112] prior to the application to complex food
matrices. Due to its higher volatility and elevated molecular weight (229 Da), the resulting deriva-
tive 2,3-dibromopropionamide showed improved properties for GC-MS analysis. Its fragments and
bromine isotopes can be detected by MS with sufficient specificity. However, the bromination is an
additional laborious and time-consuming step: To achieve bromination, a mixture of KBr, HBr and
saturated bromine water is used. For the reaction (1) an excess of H+ and Br- is needed to inhibit
dissociation (2).
Br2 + H2C=CH-CONH2 −→ H2CBr-CHBr-CONH2 (1)
Br2 + H2O⇐⇒ HOBr + H+ + Br- (2)
In former protocols the reaction took place near freezing temperatures overnight. Otherwise the
internal standard (methacrylamide) reacted at a different rate with bromine compared to acrylamide.
Nemoto et al. and Ono et al. showed that the addition of isotope-labelled standards shortened the
reaction time to roughly 1 h [70, 72]. Excessive elemental bromine was removed by addition of
thiosulfate and the derivative was extracted from the aqueous phase using apolar solvents. Afterwards
the extract was evaporated, made-up to a defined volume and an aliquot was analyzed by GC-MS. For
identification the ions [C3H4NO]+=70, [C3H479BrNO]+=149 and [C3H481BrNO]+=151; the signal
intensity at m/z 149 is used for quantification [62].
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1.4.4 LC-MS/MS
For chromatographic separation of acrylamide, reversed phase columns are the preferred stationary
phases. Depending on the mobile phase, the polar analyte is retained only weakly and consequently
elutes very early. To achieve sufficient separation from other polar substances, mostly hydrophilic
end-capped C18-columns were used [62]. Furthermore, graphitic carbon, polymethacrylate gel and
CN-substituted silica gel were applied as stationary phases. A mixture of methanol and water is
preferred as mobile phase [60-62]. Detection of acrylamide can be carried out with MS or MS/MS.
Mostly, single-quadrupole MS are not sensitive enough to detect acrylamide in aqueous extracts prior
to enrichment. To achieve limits of detection similar to MS/MS, various methods were applied: switch
to an organic solvent with subsequent enrichment, column switching to the electrospray SIM mode
[113] or derivatization with 2-mercaptobenzoic acid [76]. This type of derivatization has a couple of
benefits: due to the conversion of acrylamide into a stable thioether, a less polar molecule is obtained,
possessing sufficient retention on a reversed-phase column. Additionally, its higher molecular weight
(225 Da) allows a more specific detection of the molecule itself and of its fragments. LC-MS/MS
with electrospray-ionization in the positive mode is the most widespread method for analysis of acry-
lamide [60, 61]. The tandem mass spectrometer works in multiple reaction monitoring mode, where
the transition from precursor ion to product ion is detected: the precursor ion separated in the first
quadrupole, is fragmented by collision with argon in the second quadrupole. The resulting product
ions are separated in the third quadrupole and finally detected. The most intensive signal which is also
used for quantification is the transition m/z 72 - 55. For identification the transitions m/z 72 - 54, 72 -
44, 72 - 27, or 72 - 72 are used. For the internal standards [13C3]- acrylamide and [13C1]-acrylamide
the transitions m/z 75 - 58 and 73 - 56 are observed, respectively. LC-MS/MS methods reach a limit
of detection of 3 - 20 µg/kg and a limit of quantification of 10 - 50 µg/kg. The analysis is linear over
the range of 10 - 10.000 µg/kg [60-62].
1.5 Coupling of planarchromatography and mass spectrometry
Coupling of planar chromatography and MS offers many advantages, which can be used for different
approaches. Firstly, there are low costs for chromatographic separation. At the same time planar chro-
matography is very effective, since several samples can be analysed within one run. This makes this
hyphenated method suited well for screening purposes. Another benefit is the fact that after separation
no substance is lost, i.e. analytical information is stored on the plate and can be further analysed at a
different time and in a different place. That means that additional spectrometry can be applied only
in case of need, thus avoiding needless analytical work. Numerous approaches for coupling planar
chromatography and MS were published. The spectrum ranges from fast atom bombardment (FAB)
[115], liquid secondary ion (LSI) [116], matrix assisted laser desorption/ionisation (MALDI) [117,
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118], surface assisted laser desorption/ionisation (SALDI) [119] and laser desorption (LD) [120] to
coupling with electrospray ionisation (ESI) [121], desorption electrospray ionisation (DESI) [122]
and novel ionization techniques like direct analysis in real-time (DART) [123].
The coupling method used in this work was developed by Luftmann [124]. It consists of a novel
plunger-based extractor called ChromeXtractor. This manual interface was connected to a HPLC
pump that fed the extraction solvent and the ESI source of the mass spectrometer. Additionally, it was
possible to connect other detectors, e.g. UV/VIS, or to employ the interface for preparation purposes.
An exact description can be found in Chapter 2. Briefly, the plunger was manually positioned over
and pressed onto the analyte zone. After this the extraction solvent led through the inlet capillary,
dissolved the analyte and was driven to the ESI source. Luftmann demonstrated the applicability by
quantification of a yohimbin/ajmalicin mixture in the range of 0.1 to 100 ng per spot and identifica-
tion of oligosaccharides and gangliosides. These measurements were carried out on aluminium- and
polyester-backed plates, since glass-plates broke under the plunger’s contact pressure. This was a
drawback because the majority of stationary phases on HPTLC-plates are applied on glass. In Chap-
ter 2 the modifications that have overcome this disadvantage are presented. The interface was later
improved by Luftmann through automating the positioning of the plunger and the whole extraction
procedure. Aranda et al. validated this "hands-free"approach by quantification of caffeine without
the use of internal standards [125].
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1.6 Aims of the study
Since the discovery of acrylamide in food in 2002, approaches to determine this small molecule in
heterogeneous matrices in the µg/kg-range were sought. GC-MS methods applied to waste water
and crop in the past were adapted to this matrix. Additionally, LC-MS/MS methods were developed,
reaching low limits of detection. These methods required intensive sample preparation that suited
the specific matrix. Problematic samples like coffee could not be analysed by common preparations
and required special preparation procedures. Altogether intensive sample preparation and the use
of expensive equipment became necessary for the determination of acrylamide. Thus, simplified
but reliable determination methods were demanded. Due to its tolerance towards sample matrix,
cost-effectiveness and possible coupling with different detectors, planar chromatography is a modern
alternative to classical methods of determination. Hence, the aims of this study were as follows:
• Modification of Luftmann’s interface for the use on glass-backed HPTLC-plates to broaden the
applicability of this hyphenation;
• Development of a derivatisation method to transform acrylamide into a fluorescent molecule
for the determination by means of HPTLC-FLD;
• Application of HPTLC-MS for identification of the reaction products for the optimization of
the derivatisation process;
• Development of a method to determine acrylamide in water in order to demonstrate the appli-
cability of HPTLC ;
• Development of a method to determine acrylamide in coffee in order to demonstrate the appli-
cability of HPTLC on problematic sample matrix;
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Chapter 2
Improvement of online coupling of planar
chromatography with electrospray mass
spectrometry: extraction of spots from
glass plates
Reproduced with permission from Analytical and Bioanalytical Chemistry, 2006, 386, Alpmann, A.;
Morlock, G. Improved online coupling of planar chromatography with electrospray mass spectrome-
try: extraction of zones from glass plates., 1543-1551, ©2006 Springer-Verlag GmbH.
2.1 Abstract
A plunger-based extraction device for HPTLC/MS coupling which was originally designed for ex-
traction on TLC aluminum foils was enhanced. The modifications enabled extraction of analytes
from glass-backed HPTLC/TLC plates after separation. The device was improved 3-fold: A buffer-
ing of the plunger reduced the occurrence of leakage. The involvement of a torque screwdriver for the
fixation resulted in a reproducible contact pressure and eliminated breaking of the glass plates. The
employment of this device was also extended to plates with a layer thickness of 100 µm by reducing
the height of the plungers cutting edge. Repeatabilities of the extraction from glass-backed plates was
8.7 % and 18.6 % for the substances used. The influence of the elution solvent on the intensity of the
MS-signal was demonstrated.
CHAPTER 2. IMPROVEMENT OF ONLINE COUPLING OF PLANAR CHROMATOGRAPHY
WITH ELECTROSPRAY MASS SPECTROMETRY: EXTRACTION OF SPOTS FROM GLASS
PLATES
2.2 Introduction
Planar chromatography (HPTLC, TLC) is a simple and cost-effective method for chromatographic
separation of a wide spectrum of substances and is especially used in modern laboratories for rapid
screening. But due to the advances of high performance liquid chromatography (HPLC) this method
has taken a back seat, in spite of its multiple advantages e.g. possibility of performing parallel analy-
sis, high flexibility towards chromatography and detection, tolerance regarding samples highly loaded
with matrix. A disadvantage of HPTLC compared to HPLC is the lack of coupling possibilities with
mass spectrometric methods that made it necessary to scrape the sorbent off the plate and extract
the analyte. This is timeconsuming, solvent-squandering and prone to recontamination. Different
approaches to overcome this inconvenience have been made and can be categorized into two groups:
On the one hand there are methods that use a laser (IR [126], MALDI [127-131]), ion beam (SIMS
[132]), particle beam (FAB [133]), electrospray (DESI [122] ) or excited gas stream with charged
water molecule clusters (DART [134, 135]) to desorb substances from a HPTLC plate. On the other
hand there are online approaches which use solvents to extract substances from the adsorbent of the
plate [124, 136-138]. A special device for direct extraction from TLC aluminum foils was developed
by Luftmann [124]. With the aid of the ChromeXtractor the substance can be extracted directly from
the TLC foil and led into a mass spectrometer. Further ways for hyphenation by ChromeXtractor
exist in the coupling with any detector that allows the intake of liquids (DAD, CAD, ECD, etc.). Up
to now the latter coupling has not been applicable on glass-backed plates, because it was not possi-
ble to reach enough contact pressure to seal the extraction area tightly enough without breaking the
glass. In this paper we describe the possibility of extraction from glass plates by three modifications
of the ChromeXtraktor. The reproducibility of the extraction and the influence of the extraction sol-
vent on the intensity of the mass spectrometric signal were investigated. The extraction was already
demonstrated for various substances in the field of food analysis [135, 139, 140]. In this study it
is demonstrated for two products of synthesis, that are xanthyl ethyl carbamate (XEC) and dansyl
ethylamide (DEA).
2.3 Experimental Section
Chemicals Ethyl carbamate (99 %) was obtained from Sigma-Aldrich, Steinheim, Germany and
acrylamide (99 %) from Merck, Darmstadt, Germany. Xanthydrol (99 %) and dansyl hydrazine
(95 %) were purchased from Fluka, Buchs, Switzerland. XEC (Fig. 2.1a) was synthesized [141,
142] and isolated by recrystallization from n-hexane. DEA (Fig. 2.1b) was synthesized and purified
by means of preparative TLC [143]. All solvents used for planar chromatographic separation and
extraction were of p.a. quality or distilled prior to use. Ultrapure water (18 MΩ/cm2) was produced by
Synergy System (Millipore GmbH, Schwalbach, Germany). For application on the HPTLC plate two
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products of synthesis, XEC and DEA, were dissolved in methanol each (680 µg/mL and 62.5 µg/mL
for XEC, and 220 µg/mL for DEA). For determination of the detection capability and the linearity,
a solution of 10 µg/mL was used. HPTLC glass plates silica gel 60 F254 (Merck), 10 cm x 10 cm,
layer thickness 200 µm, from different lots were used as stationary phase for planar chromatographic
separation. For further investigation of the tightness of the extractor head the following HPTLC glass
plates were used: silica gel 60 WRF254 AMD (100 µm), LiChrospher silica gel 60 F254s (200 µm),
CN F254 (250 µm), NH2 F254s (250 µm), Diol F254s (250 µm), RP-2 F254s (250 µm), RP-8 F254s
(250 µm), RP-18 F254s (250 µm), and UTLC with monolithic silica (10 µm).
Figure 2.1: Structure formulas of a) xanthyl ethyl carbamate (XEC) and b) dansyl ethylamide (DEA)
HPTLC-ESI/MS conditions Aliquots of 0.5, 1, 2, and 4 µL XEC standard (680 and 62.5 µg/mL,
respectively) and 5 and 10 µL DEA standard (220 µg/mL) were each applied onto an HPTLC glass
plate silica gel 60 F254 as 6 mm bands on 9 tracks (8 mm distance from lower edge, 12 mm distance
from left edge, 10 mm distance between tracks) by means of the Automatic TLC Sampler 4 (ATS4)
from CAMAG, Muttenz, Switzerland. For determination of the capability of detection 100 nL each
of the XEC and DEA standard solutions (10 µg/mL) were applied and for the linearity 120 µL. De-
velopment was carried out up to a migration distance of 70 mm (migration time about 25 min) in a
twintrough chamber, 10 cm x 10 cm, from CAMAG. Mobile phases for the analysis of XEC [139]
and DEA [143] comprised acetone/n-hexane (1:4 v/v) and neat ethyl acetate, respectively. After de-
velopment the plates were dried in a stream of warm air for 1 min. Densitometry was performed
via measurement of absorbance at 233 nm and fluorescence at 366/>400 nm for XEC and DEA, re-
spectively, by means of the TLC Scanner 3 from CAMAG. Plate images were documented by the
DigiStore 2 Documentation System (CAMAG) consisting of an illuminator Reprostar 3 with digital
camera Baumer optronic DXA252. Data obtained was processed with winCATS software, version
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1.4.1 (CAMAG). As extraction solvent a mixture of 95 % MeOH and 5 % ammoniumformiate buffer
(10 mM, pH 4) was used. A flow of 0.1 mL/min was provided by an HPLC pump HP 1100 from Ag-
ilent Technologies, Palo Alto, USA. The glass plates were extracted by means of the ChromeXtractor
from ChromAn, Holzhausen, Germany. Mass spectrometric measurement was performed with VG
Platform II quadrupole electrospray mass spectrometer from Micromass, Manchester, UK. The capil-
lary voltage was set to 3.5 kV and the cone voltage to 35 V and 30 V for XEC and DEA, respectively.
The pressure of the drying gas was adjusted to 250 bar and the nebulizing gas to 8 bar. Single ion
monitoring (SIM) and full scan measurements were carried out in ESI+-mode.
2.4 Results and Discussion
Normally for HPTLC/ESI-MS the zone on the HPTLC foil was placed and focused under the fixed
upper plunger and pressed against it by screwing the lower plunger towards it. The cutting edge pen-
etrated through the adsorbent layer and laid flat on the foil compressing the adsorbent. The extraction
solvent entered the plunger via the inlet capillary, dissolved the analyte from the adsorbent, and left
the plunger via the outlet capillary as shown in Fig. 2.2. To prevent the outlet capillary from clogging
it was protected by a 5 µm PTFA frit. The solvent flow was switched by a 6-port valve between
bypass through a loop and extraction from the plate. After complete extraction of a zone the valve
was switched back to bypass, the lower plunger was loosened, and the plate was positioned for extrac-
tion of a new zone. Residual adsorbent compressed within the cutting edge of the plunger was first
blown out with pressurized air. Depending on the plunger head geometry used, the spatial resolution
of the extraction was 2 or 4 mm. During extraction the pressure rose from 5 bar in bypass mode to
9 bar while eluting the analyte from the HPTLC plate. Tightness of the plunger was maintained up
to pressures over 30 bar at an flow rate of 0.4 mL/min. A tight fit to the stainless steel top of the
plunger was guaranteed by the flexible aluminum-backed foils. It was obvious that by its design the
extractor was not suited for glass-backed plates: the contact pressure was crucial and could result in
either leakage if the pressure was too low or in breaking the glass if it was too high. In many data sets
performed, glass breakage or solvent leakage were therefore the two given options. Taking into ac-
count that for quantitative planar chromatography glass-backed plates are superior to aluminum foils
in many respects, the limitation to foils turned out to be a significant restriction in the applicability of
this method for hyphenation.
Enabling extraction from glass-backed plates A modification of the stainless steel top of the
plunger was not possible because a very hard stainless steel material was conditio sine qua non to
maintain abrasion resistance. Thus for modification a PTFE seal ring was placed between the two
parts of the upper plunger (Fig. 2.2). This guaranteed a slight kind of attenuation when pressing the
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Figure 2.2: Modifications of the plunger (side view): a) HPTLC plate, b) cutting edge: modified for reduced
layer thickness (100 µm), c) inlet capillary, d) outlet capillary, e) filter frit, f) modification: added PTFE seal
ring, and g) modification: torque screwdriver adapter
plunger onto the glass plate. This first modification of the upper plunger decreased the occurrence
of leakage from over 50 % to less than 5 % for HPTLC silica gel plates with layer thickness of 200
or 250 µm. As these silica gel plates are the most used stationary phases in quantitative HPTLC this
slight modification made a significant impact. A second modification, in this case to the lower plunger,
resulted in a constant pressing of the plate against the upper plunger, independent of the experience
of the operator. This completely avoided breaking the glass plate. The modification was achieved by
using a commercially available torque screwdriver which guaranteed a reproducible torsional moment
of 1.2 Nm when the plate was fixed between the two plungers. This led to a calculated pressure onto
the HPTLC plate of approximately 400 N/mm2, whereas the pressure resistance of glass was 700900
N/mm2. By means of this reproducible pressure fixation the plate could be fixed without any operator
skill. This approach was the most cost-effective one in contrast to other pneumatic fixation options.
The combination of the above mentioned modifications allowed the extraction from glass-backed
plates with various kinds of different stationary phases without any leakage or breaking. Extraction
was possible from polar phases like silica gel and moderately polar phases like CN, NH2, and Diol.
However, it was not possible to extract from nonpolar phases like RP-8 or RP-18. Leakage on these
stationary phases was assumed to be caused by particular physical properties of these modified silica
gels besides their lipophilicity, but unfortunately manufacturer information about this subject is rather
scarce. Initially this method was not applicable for plates with layer thickness of 100 µm. Leakage
during the extraction from these plates was assumed to be caused by the necessity to compress the
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silica gel. The compressed sorbent helped to seal the cutting edge, thus preventing leakage of the
eluent (Fig. 2.3). If the height of the plungers cutting edge (originally 300 µm) exceeded the thickness
of the stationary phase, as is the case with layers of 100 µm, no compression and hence no seal was
achieved. However, this drawback was smoothed out by decreasing the height of the cutting edge to
100 µm, which led to a sufficient seal. This made the extraction possible from layers of 100 µm by
means of a specific shortened plunger. All in all the investigations resulted in a better understanding
of the tightening process of the coupling system and the three mentioned modifications broadened the
application area of the initial device which is of particular importance for quantitative HPTLC.
Figure 2.3: Picture of a punched out area from a glass-backed HPTLC plate showing the compressed silica gel
a) that improves sealing of the cutting edge
Repeatability Repeatability of the extraction using this modified device has to be ensured to be
comparable with the original one. It was calculated as relative standard deviation (RSD) determined
via peak area of multiple extraction sets. Therefore nine tracks with the same amount of analyte were
applied onto an HPTLC plate (10 cm x 10 cm) and developed. After densitometric quantification
potential outliers according to Nalimov (P=95 %) were eliminated (Fig. 2.4). The zones proved to
be outlier-free and were used for subsequent extraction and MS detection. First, the corresponding
analyte masses were determined in the full scan mode at the appropriate extraction polarity and mass
range. Then, for determination of the extraction reproducibility the SIM mode was used. For XEC the
[M-NHCOOC2H5]+ signal at m/z 181 in the ESI+ mode was used (Fig. 2.5). For DEA the protonated
molecule [M+H]+ at m/z 307 and the sodium adduct [M+Na]+ at m/z 329 were obtained (Fig. 2.6);
the latter mass was used for measurement in the SIM mode. For extraction of XEC and DEA the
overall mean RSD of different sets was determined to be ±18.6 % and ±8.7 %, respectively (Tab.
2.1). For XEC almost the same concentration level was used to see the variation at the same amount
level (1.1 µg). For DEA different concentration levels were chosen to obtain an impression of the
variation at different amount levels. Similar repeatabilties were obtained by the modified device as by
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the original one [140], proving again that the main influence on repeatability is caused by the manual
plunger positioning.
Figure 2.4: Overlay of the densitometric profile of a developed planar chromatogram with 9 tracks of XEC at
UV 233 nm to check respective heights of the XEC peaks before MS measurement
Table 2.1: Comparison of different analytes and the repeatability of elution
Analyte Repeatability (RSD %, n= 9 each) Overall mean
Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 Set 7 RSD% (n=7)
DEA 13.2 10.2 3.6 6.5 7.5 7.6 12.1 8.7
(1.1 µg) (1.1 µg) (1.1 µg) (1.1 µg) (1.1 µg) (1.1 µg) (2.2 µg)
XEC 10.1 14.9 19.0 27.1 16.4 26.1 16.4 18.6
(250 ng) (340 ng) (340 ng) (680 ng) (1.36 µg) (1.36 µg) (1.36 µg)
Linearity The functional correlation of the signal obtained in the range 10 - 200 ng, meaning a
working range of 1:20, was almost linear for both substances (Fig. 2.7). The determination coefficient
was established to be 0.9991 for XEC and 0.9919 for DEA, respectively (Tab. 2.2). Thus LOD was
calculated to be in the lower picogram range (52 pg) for XEC and middle picogram range (160 pg)
for DEA.
Detection capability Detection capabilities of the signals of blank plate positions were compared
to that of 1-ng substance zones, an amount which was still sufficient for densitometric detection. S/N
values obtained for XEC and DEA were 58 and 17, picogram range (160 pg) for DEA.
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Figure 2.5: Top mass spectrum of XEC in positive ESI mode with [M-NHCOOC2H5]+ at m/z 181 and [M+Na]+
at m/z 292. Bottom elution profile of 9 extractions in the SIM mode at m/z 181 with 340 ng XEC each. RSD
of this 9-fold extraction was ±14.9 %
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Figure 2.6: Top mass spectrum of DEA in positive ESI mode with [M+H]+ at m/z 307 and [M+Na]+ at m/z
329. Bottom elution profile of 9 extractions in the SIM mode at m/z 329 with 1.1 µg DEA each. RSD of this
9-fold extraction was ±6.6 %
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Figure 2.7: Correlation of the signal intensities and different amounts between 10 ng and 200 ng of a) XEC
(R2=0.9991) and b) DEA (R2=0.9919)
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Table 2.2: S/N ratio of a 1-ng zone and calculated limits of detection (LODs) and quantification (LOQs) of
XEC and DEA
SIR m/z 181 S/N Signal intensities ± sdv
Mean blank value 4,665 ± 871 (n= 4)
XEC (1 ng) 58 268,168 ± 1,678 (n= 3)
LOD calculated 3 13,995 (52 pg)
LOQ calculated 10 46,657 (174 pg)
SIR m/z 307 and 329
Mean blank value 6,045 ± 966 (n= 5)
DEA (1 ng) 17 113,166 ± 13,610 (n= 5)
LOD calculated 3 18,135 (160 pg)
LOQ calculated 10 60,450 (534 pg)
Influence of the solvent The influence of the solvent on the MS signal was exemplarily shown for
DEA. For extraction the following solvents were used: methanol, methanol/ethyl acetate 1:1 (v/v),
ethyl acetate, tert.-butyl methyl ether and 2-butanone. To each solvent 5 % of 0.01 M ammonium
formiate buffer was added for improvement of the ionization yield. The influence of different ex-
traction solvents on signal intensity is clearly shown in Figure 7. The three depicted sets are scaled
to identical magnitude, i.e. 1.49 e9 eV, facilitating direct comparison of extraction effectiveness.
Methanol/buffer as extraction solvent obtained the best results due to its high elution power on sil-
ica gel phases. The mixture of methanol/ethyl acetate/buffer showed a slight decrease in intensity,
whereas ethyl acetate/buffer led to almost no signal, although pure ethyl acetate, used as mobile
phase for chromatography, led to an hRF-value of 50 and showed elution feasibility per se. Further
on no signal was obtained using either tert.-butyl methyl ether or 2-butanone as extraction solvent
(not shown). This indicated the compromise to be made regarding a high elution power of the solvent
and a good solubility of the analyte in the elution solvent.
2.5 Conclusion
In this paper the modification and improvement of the ChromeXtractor, developed by Luftmann, for
coupling of planar chromatography with mass spectrometry was described. The mentioned three
modifications broaden the applicability of the extractor while retaining its versatile properties: Ex-
traction from glass-backed plates with polar and middle-polar stationary phases and a layer thickness
of 100 to 250 µm was enabled, making this a simple and yet versatile method for hyphenation. The
occurrence of leakage for nonpolar phases is regarded as a result of particular physical properties of
this modified silica gel. Regarding repeatability the mean CV of the mass signal established in vari-
ous sets was ±18.6 % and ±8.7 % for XEC and DEA, respectively, which was similar to the original
device. Criteria for the extraction solvent property were shown which implies a compromise between
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respective high elution power and analyte solubility. Proper manual positioning of the plunger onto
the zone seems to be a crucial aspect in consideration of ensuring good repeatability. Thus further
focus and progress has to be laid upon automation of this step.
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Chapter 3
Rapid and sensitive determination of
acrylamide in drinking water by planar
chromatography and fluorescence detection
after derivatization with dansulfinic acid
Reproduced with permission from Journal of Separation Science, 2008, 31, Alpmann, A.; Morlock,
G. Rapid and sensitive determination of acrylamide in drinking water by planar chromatography and
fluorescence detection., 71-77, ©2008 Wiley-VCH Verlag GmbH |& Co. KGaA.
3.1 Abstract
On the basis of a novel derivatization a new planar chromatographic method has been developed
for the determination of acrylamide in drinking water at the ultra-trace level. After SPE, the water
extracts were oversprayed on a HPTLC silica gel plate with the derivatization agent dansulfinic acid
and derivatized in situ. Chromatography was performed with ethyl acetate and the fluorescent product
was quantified at 366/>400 nm. Verification was based on HPTLC-ESI/MS, HPTLC-DART-TOF/MS
and NMR. The routine HPTLC-FLD method was validated for spiked drinking water. The regression
analysis was linear (r > 0.9918) in the range of 0.1 to 0.4 µg/L. LOD was calculated to be 0.025 µg/L
and experimentally proved for spiked samples at levels down to 0.05 µg/L (S/N 6) which was suited
for monitoring the EU limit value of 0.1 µg/L in drinking water (0.5 µg/L demanded by WHO/EPA).
Within-run precision and the mean between-run precision (RSD, n = 3, 3 concentration levels each)
were evaluated to be 4.8 % and 11.0 %, respectively. The mean recovery (0.1, 0.2 and 0.3 µg/L)
was 96 % corrected by the internal standard. The method comparison with HPLC-MS/MS showed
comparable results and demonstrated the accuracy of the method.
CHAPTER 3. RAPID AND SENSITIVE DETERMINATION OF ACRYLAMIDE IN DRINKING
WATER BY PLANAR CHROMATOGRAPHY AND FLUORESCENCE DETECTION AFTER
DERIVATIZATION WITH DANSULFINIC ACID
3.2 Introduction
Acrylamide (AA) and polyacrylamide are utilized in a multitude of ways: As a grouting agent for
tunnels, water pipes and dams, in the paper, plastic, cosmetic and textile industries and for produc-
ing organic chemicals. Polyacrylamide is also used for flocculation in waste water treatment where
producers certify a maximal monomer content of 250 mg/kg in the polyacrylamide products. Due
to this and its high solubility in water, acrylamide residues could be found in ground and drinking
water. It has been classified by the International Agency for Research on Cancer (IARC) as probably
carcinogenic to humans (group 2A) [44]. Thus in a guideline set by the World Health Organiza-
tion (WHO), the maximum concentration of acrylamide in drinking water is 0.5 µg/L [18]. The US
Environmental Protection Agency (EPA) set the non-enforceable maximum contaminant level goal
(MCLG) to zero and demands the water suppliers who are using polyacrylamid for flocculation to
certify that the combination of dose and monomer level does not exceed 0.05 % dosed at 1 mg/L
[19]. This also means that a maximum acrylamide level of 0.5 µg/L is tolerated in drinking water.
Even more restrictive limits are held in the European Union and listed in the EU 98/83/EC Drinking
Water Directive which set the allowed maximum concentration at 0.1 µg/L [20]. Since the Swedish
National Food Administration indicated an increase in the content of acrylamide in heat-treated foods
[13] a variety of methods have been developed for its determination in foodstuffs. Despite the ne-
cessity of sensitive and rapid methods for acrylamide determination in water, due to the low limits
fixed by legislation, only few methods were developed especially for this purpose. Among the HPLC-
and GC-based methods developed for water analysis, there are different modes of detection. HPLC
chromatography with direct injection and UV detection of the underivatized acrylamide [144] showed
a limit of detection (LOD) of 5 µg/L, which is, however, not suited for monitoring of drinking water
at the limit values of 0.1 (EU) and 0.5 µg/L (EPA, WHO). A strong decrease in detection limits down
to a LOD of 0.2 µg/L can be achieved by ion-exclusion chromatography-mass spectrometry [145].
Thus this method meets the requirements of WHO and EPA, yet it lacks the sensitivity demanded
for the EU Drinking Water Directive. GC-based methods using derivatization of acrylamide with
pentafluorophenyl isothiocyanate or bromine and subsequent MS/MS or ECD detection reach very
low limits (LOD 0.03 µg/L), but are laborious and time-consuming [83, 146]. Furthermore it was not
possible to distinguish between acrylamide and N-methylolacrylamide in the case of derivatization
with pentafluorophenyl isothiocyanate, which may cause incorrect findings of acrylamide. Kawata et
al. established a sensitive determination without prior derivatization [147]. Solid phase extraction of
0.5 L water through four cartridges in series followed by GC-MS detection allowed for the determi-
nation of acrylamide down to concentrations of 0.02 µg/L. Recently Marin et al. compared different
interfaces for LC-MS/MS determination of acrylamide [148]. By means of an new Ion Sabre APCI-
interface and direct large-volume injection of water, sensitive measurements were possible. LOD was
estimated to be 0.03 µg/L, but the important confirmative mass transition m/z 72 - 27 was not de-
tectable below 0.2 µg/L. All these methods require expensive equipment and/or are time-consuming
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and laborious. The goal of our work was the development of an affordable, selective and simple pla-
nar chromatographic method for the monitoring of acrylamide in drinking water. For this, the most
promising approach was to couple acrylamide with a fluorescence marker, since fluorescence detec-
tions (FLD) show an increased sensitivity compared to absorption measurements and an improved
selectivity of detection. Hence, this method was based on the novel derivatization of acrylamide with
the fluorescence marker 5-dimethylaminonaphthalene-1-sulfinic acid (dansulfinic acid).
3.3 Experimental
Chemicals Acrylamide, N-methylolacrylamide and sodium sulfite were purchased from Merck
(Darmstadt, Germany). Dansylhydrazine (≥95 %), dansylchloride (≥ 99 %), N,N-dimethylacrylamide
(≥98 %) and sodium were purchased from Fluka (Buchs, Switzerland). Dansulfonic acid monohy-
drate (≥99 %) was acquired from Acros Organics (Geel, Belgium). Ultra-pure water (18 MΩ/cm2)
was obtained from Synergy System (Millipore GmbH, Schwalbach, Germany). All solvents used
for planar chromatographic separation, elution and extraction were at least chromatography grade or
distilled prior to use. The solid-phase extraction (SPE) columns, Bakerbond Carbon, 1 g, 6 mL, were
from J.T. Baker (Deventer, Holland). HPTLC glass plates silica gel 60 (Merck), 20 cm x 10 cm, with
a layer thickness of 200 µm, were pre-washed with methanol, dried at 100 ◦C for 15 min and stored
in a desiccator until use.
Synthesis of 5-dimethylaminonaphthalene-1-sulfinic acid The compound was synthesized ac-
cording to Scully et al. [149]. An aqueous solution of sodium sulfite (2.3 g in 10 mL water) was
stirred and heated at 70 ◦C. Dansylchloride (1 g) was added and the temperature was kept at 70-
80 ◦C for 5 h. The solution was cooled down and dansulfinic acid was precipitated from the mixture
by acidifying to pH 4 with sulfuric acid. After filtration the precipitate was air dried and converted
to its sodium salt (sodium dansulfinate) by its addition to a sodium methoxide solution (0.62 M in
methanol), followed by solvent evaporation. The sodium dansulfinate obtained was used without
further purification. Verification was performed by HPTLC-FLD and HPTLC-ESI/MS. The product
contained a minor amount of 5-dimethylaminonaphthalene-1-sulfonic acid (DANS) (data not shown),
however, without adverse effect on derivatization.
Standard and derivatization solutions 25 mg of acrylamide was weighed into a 25 mL volumetric
flask and filled up to 25 mL with methanol. 260 µL of N,N-dimethylacrylamide (DMAA, ρ = 0.962
g/mL), which was used as internal standard, was transferred into a 250 mL volumetric flask and filled
up to the mark with methanol. Both solutions have been further diluted 1:1000 to concentrations of
1 µg/mL each. As for the derivatization solution, 16 mg of sodium dansulfinate was weighed into a
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10 mL volumetric flask and filled up to 10 mL with methanol (1.6 µg/µL). Stored at 5◦C ± 1◦C, all
solutions were stable for at least 2 months.
Sample preparation Blank tap water samples of 0.5 L each were spiked with 50 to 150 µL of
acrylamide standard solution (concentration levels 0.1 - 0.3 µg/L). The performance of the sample
preparation procedure was controlled by the addition of 250 µL of DMAA solution as internal stan-
dard (0.5 µg/L) to each sample. Then the spiked samples were stirred for about 1 min and loaded
onto Carbon SPE columns which were first preconditioned with 8 mL methanol and then with 8 mL
ultrapure water. The flow rate of the sample loading was adjusted to about 10 mL/min. After the
sample was passed through, the sorbent was dried for 15 min. The analyte was eluted 5 times with
2 mL methanol/acetonitrile solution (1:1, v/v) each. The combined eluate was reduced to 1 mL by
means of rotary evaporation and a gentle stream of nitrogen. For calibration standards 0.5 L of ultra-
pure water were each spiked with 50 to 200 µL acrylamide solution (0.1 - 0.4 µg/L) and 250 µL of
DMAA solution (as internal standard) and treated according to the procedure described above.
Derivatization and HPTLC conditions 100 µL aliquots of the sample and standard solutions were
applied as areas (6 mm in width, 3 mm in height, 8 mm from the lower edge, 20 mm from the left
edge, 10 mm between tracks) by means of the Automatic TLC Sampler 4 (ATS4) from CAMAG,
Muttenz, Switzerland. This was followed by overspraying 20 µL of the dansulfinic acid solution on
each area (32 µg/area) and heating the plate for 1 hour using the TLC plate heater III (CAMAG) set to
120 ◦C. After focussing the areas by development with methanol for 5 s, chromatography was carried
out with ethyl acetate up to a migration distance of 70 mm (migration time 15 min) in a twin trough
chamber, 20 cm x 10 cm (CAMAG). Then, the plates were dried in a stream of warm air for 2 min. For
fluorescence enhancement the plate was dipped into a solution of 25 % polypropylene glycol (average
mass weight of 2000 Da) in n-hexane (dipping time 1 s, dipping speed 5 cm/s) and dried immediately.
Densitometry was performed via fluorescence detection at 366/>400 nm by means of the TLC Scanner
3 from CAMAG with a slit dimension of 4 mm x 0.3 mm. Plate images were documented by DigiStore
2 Documentation System (CAMAG), consisting of the illuminator Reprostar 3 with the digital camera
Baumer optronic DXA252. The data obtained was processed with winCATS software, version 1.4.2
(CAMAG).
HPTLC-ESI/MS conditions For mass spectrometric measurements the dansylpropanamide (DPA)
zones have been extracted online from glass plates by using the ChromeXtraktor from ChromAn
(Holzhausen, Germany). The extraction solvent, which consisted of 95 % methanol and 5 % ammo-
nium formate buffer (10 mM, pH 4), was pumped with a flow of 0.1 mL/min by the HPLC pump of
the HP 1100 system from Agilent Technologies (Palo Alto, USA). Mass spectrometric measurement
was performed with VG Platform II Quadrupole electrospray mass spectrometer from Micromass
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(Massachusetts, USA). The capillary voltage was set to 3.5 kV and the cone voltage to 30 V. The
flow rate of the drying gas was adjusted to 250 L/h and the nebulizing gas to 8 L/h. SIM and full
scan measurements have been carried out in ESI+-mode. Data were processed with Mass Lynx 3.2
software. ESI/MS [ion]: 307 [M+H]+, 329 [M+Na]+.
HPTLC-DART-TOF/MS conditions For measurements with DART (IonSense, Danvers, MA, USA),
the HPTLC glass plate was cut into a strip of maximal 20 x 3 cm by means of the smartCUT (CA-
MAG). The dansylpropanamide zones were placed into the stream of excited gas from the ioniza-
tion source which was mounted on an JMS-T100LC (AccuTOF-LC) from Jeol (Europe), Croissy sur
Seine, France. The helium used had a flow rate of 3 L/min and was heated to 250 ◦C by the gas heater.
The voltage of the DART needle was set to 2.5 kV, while the potentials of the second perforated elec-
trode and the grid electrode were 100 V and 250 V, respectively. The voltage of the orifice lens was
adjusted to 30 V and the spectra recording interval was 0.5 s. A solution mixture of poly(ethylene
glycol) (PEG) 300 and 600 was used for calibration of the mass scale. For the data acquisition and
processing MassCenter 1.3 software was used. DART-TOF/MS [ion]: 307 [M+H]+, 613 [2M+H]+.
NMR Dansylpropanamide was dissolved in CDCl3. The 1H and 13C NMR spectra were recorded
at 25 ◦C on a Varian Unity Inova 300 NMR spectrometer (Varian, Darmstadt, Germany) at 300 and
125 MHz, respectively. The signal assignments were based on chemical shifts and H-H and C-H
correlation data. 1H NMR (300 MHz): δ = 8.39 (1H, d, J = 8.7 Hz), 8.31 (1H, d, J = 7.3 Hz), 7.65
(1H, m, J = 7.9 Hz), 7.61 (1H, m, J = 8.2 Hz), 7.24 (1H, d, J = 7.5 Hz), 5.74 (1H, s), 5.46 (1H, s), 3.68
(2H, t, J = 7.7 Hz), 2.93 (6H, s), 2.76 (2H, t, J = 7.7 Hz) ppm; 13C NMR (125 MHz): δ = 171.35,
152.45, 134.07, 132.07, 130.74, 130.15 129.33, 128.02, 123.58, 118.59, 115.77, 52.4, 45.67, 28.58
ppm.
3.4 Results and discussion
Derivatization Regarding liquid chromatography, derivatization of acrylamide was only reported
for 2 mercaptobenzoic acid generating a UV absorbing product [76]. However fluorescent chro-
mophores were considered to be superior in selectivity and sensitivity. Hence fluorescent substances
with a thiol group, such as 7-mercapto-4-methyl-cumarine and 2-mercapto-benzimidazole, were com-
pared to 2-mercaptobenzoic acid. Moreover dansylhydrazine, a chromophore with a hydrazine group,
was used as marker. Solutions of these substances were added to methanolic solutions of acrylamide
and heated in vitro for different periods of time. Additionally on the HPTLC plate, solutions of the
derivatization reagents and acrylamide were oversprayed at the starting zone and converted in situ by
heating the plate for different periods. Subsequently products of both approaches have been separated
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and quantified by HPTLC-FLD. It was evident that the derivatization with dansylhydrazine showed
the best repeatability and the resulting product the most intensive fluorescence signal. The underlying
reaction was assumed to be an addition of the hydrazine-group to the double bond of acrylamide,
which is analogous to a Michael-Addition. A further parameter for optimization was, besides temper-
ature and heating time, the pH-value since alkaline conditions are best suited for this kind of reactions.
As optimal temperature and heating time 100 ◦C and 1 h for in vitro derivatization and 120 ◦C and 1
h for in situ derivatization were determined. However increased yield was not observed for in vitro
derivatization under basic conditions. LOD of the product was determined to be at 118 pg/zone, thus
detectability of the new product was extraordinary good. However, it was not satisfactory that both
derivatization procedures showed low yields: 2.7 % for in vitro derivatization in methanol and 10.7 %
for in situ derivatization at the starting zone. Further optimization was focused on the in situ reaction
due to the higher yield. For the identification of the new product mass spectrometric measurements
by HPTLC-ESI/MS have been carried out. An improved extraction device, that was presented in
a previously published paper [150], was used to elute the analyte directly from the HPTLC glass
plate. Instead of the expected signal at m/z 337, only peaks at m/z 307 and 329 were detected in the
ESI+-mode (Fig. 3.1a). The difference of 22 Da indicated that these molecules can be considered
as [M+H]+ and [M+Na]+. Verification of the results by DART-TOF/MS and NMR showed that the
loss of the hydrazine group (- 30 Da) caused the difference between the expected mass of 337 Da and
the detected mass of 307 Da (Fig. 3.1b). During heating the hydrazine group was oxidized, nitrogen
was eliminated and finally dansulfinic acid was formed (Fig. 3.2). The latter molecule reacted with
the double bond of acrylamide according to a nucleophilic addition (Fig. 3.3). To prove this the-
ory dansulfinic acid was synthesized according to Scully et al. [149] and used for the derivatization
of acrylamide. Intensely fluorescent product zones were obtained. Its educt dansylchoride and the
byproduct DANS did not show any product zones with acrylamide when used as pure substances for
derivatization. This proved that instead of dansylhydrazine, its degradation product dansulfinic acid,
was reacting with acrylamide under these conditions. This led in a 25 % increased response and thus
this in situ derivatization was applied for future determinations.
Sample preparation Some methods for determination of acrylamide in water with LC-MS/MS do
not require any extraction and preconcentration steps due to the employment of sensitive and costly
equipment [148]. Skipping sample preparation is a challenge and the whole instrumentation and ion-
ization process have to be matrix tolerable. Because of this, our initial approach was to simplify
sample preparation to a maximum extent since the HPTLC plate is highly matrix tolerable. First in-
vestigations focussed on direct derivatization of acrylamide in water and eased extraction of the more
unpolar product. Here, 0.5 mL dansylhydrazine (16.6 mg/mL in methanol) was added into 50 mL
of tap water in excess up to a molar ratio of 1:2200. However, the product was only detectable at a
concentration of 20 µg/L. Additionally the intensified background fluorescence impaired evaluation
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Figure 3.2: Dansyl hydrazine and its loss of the hydrazine group by oxidation of the latter and release of
nitrogen
Figure 3.3: Nucleophilic reaction of the deprotonated dansulfinic acid (1) with acrylamide (2) to dansylethyl-
amide (3)
within a track, due to the high excess of the derivatization reagent. Direct derivatization in water
was only considered for dansylhydrazine because dansulfinic acid disproportionates in water into
DANS and its thiolsulfonate which do not form any derivatization products with acrylamide at all.
Thus a preceding acrylamide extraction became necessary. For solid phase extraction of acrylamide,
Bakerbond Carbon SPE columns packed with spherical activated carbon were used as recommended
in DIN 38413-6 [151]. The internal standard DMAA was used instead of the proposed isotope la-
belled acrylamide (D3- or 13C3 acrylamide), since mass spectrometric measurements were applied
only for identification purposes. Initial trials with spiked ultrapure water showed recoveries of 45 %
for acrylamide and 20 % for DMAA. Since the less polar DMAA is retained more strongly by acti-
vated carbon than acrylamide, the low recovery was ascribed to inadequate elution. Different organic
solvents were investigated for the SPE elution step and a mixture of methanol and acetonitrile (1:1,
v/v) improved the recovery for acrylamide and DMAA to 73 % and 51 %, respectively. The final
workflow of the developed method is shown in Fig. 3.4.
Method validation A coelution of acrylamide with N-methylolacrylamide, as it was reported for
determination by GC after derivatization with pentafluorophenyl isothiocyanate [83], was not ob-
served. Resolutions of RS ≥ 1.1 and 1.3 were given between acrylamide (hRF 69) and N-methylol-
acrylamide (hRF 59) and between acrylamide and DMAA (hRF 86), respectively. Different param-
eters, such as recovery, within-run precision, between-run precision, LOD, LOQ and linearity have
been evaluated to validate the performance of the method (Tab. 3.1). For the determination of the
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Figure 3.4: Schematic workflow of the method
recovery, 3 sets of drinking water samples, each spiked with acrylamide at 3 different concentrations
(0.1, 0.2 and 0.3 µg/L) and the internal standard, were analyzed according to the procedure developed
(Fig. 3.5). The overall recovery was 96 % (corrected by the internal standard) and precise (RSD
±15 %) regarding the ultra-trace level given.
The within-run precision of the derivatization step (RSD ±2.8 %) was evaluated by fourfold applica-
tion of the same sample spiked at 0.3 µg/L onto the same HPTLC plate followed by in situ derivati-
zation and quantification. For the within-run precision of the overall method (system repeatability), 3
freshly prepared samples spiked at 0.2 µg/L were analyzed in parallel. The resulting system repeata-
bility showed a RSD of ±4.6 %. For the determination of the between-run precision (intermediate
precision over the whole system), 3 sets of drinking water samples, each set spiked with acrylamide
at 3 different concentrations (0.1, 0.2 and 0.3 µg/L) and with the internal standard, were prepared on
different days and all quantified within a week. The mean overall intermediate precision was eval-
uated to be RSD ±11.0 %. At increased concentration levels an improved precision was observed.
The LOD (S/N 3) and LOQ (S/N 10) were calculated been 0.025 and 0.083 µg/L, respectively. The
calculated values were experimentally proved by investigation of spiked samples at levels down to
0.05 µg/L, still showing a S/N of 6 (Fig. 3.6), which was considered to be well-suited for the moni-
toring of acrylamide at the limit value of 0.1 µg/L in drinking water as stipulated by EU and 0.5 µg/L
as demanded by WHO and EPA. For acrylamide determination in the sub-ppb level, the working
range was chosen between 0.1 and 0.4 µg/L. The analytical response was linear and the regression
analysis showed correlation coefficients (3-fold determination) better than r≥0.9918 (Fig. 3.7).
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Figure 3.5: a) Image of a developed HPTLC plate with calibration standards ranged from 0.1 to 0.4 µg/L
(tracks 1, 3, 5, 7), water samples in the range of 0.1 to 0.3 µg/L (tracks 2, 4, 6) and a blank water sample
(track 8). Fluorescent zones of dansylpropylamide (DPA) and dansyl-N,N-dimethylethylamide (I.S.) are
visible within the marked horizontal lines (b) Densitometric scan (366/>400 nm) of the tracks of the same
plate in the range marked
Figure 3.6: Densitometric scan (366/>400 nm) around the analytes migration distance of a blank (track 1) and
samples at concentrations down to 0.05 µg/L still showing a S/N of 6 (track 2, 0.15 µg/L for track 3)
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Figure 3.7: Linear calibration plot (y = 0.415x - 0.114) in the range of 5 - 20 ng/zone (0.1 - 0.4 µg/L) showing
a correlation coefficient r of 0.9961
Finally the method was compared with HPLC-MS/MS. Groundwater samples with unknown con-
centrations of acrylamide were obtained from the water supplier Landeswasserversorgungsanstalt,
located in Langenau. The same samples have been analyzed at our institute by HPTLC-FLD and
additionally by direct-HPLC-MS/MS (direct injection without extraction) in the research laboratory
in Langenau. The results obtained by two different methods showed a good correlation regarding
the ultra-trace level given (Tab. 3.2). This proved the accuracy and efficiency of the newly devel-
oped method. When relevant, additionally mass spectra can be recorded by online extraction from
HPTLC plates (ca. 1 min/zone). Thereby, after derivatization, the protonated molecule of a higher
mass (m/z 307) is highly advantageous. It can be detected selectively with less interference compared
to acrylamide at m/z 72. Thus a single quadrupole MS is sufficient instead of a MS/MS system.
Table 3.1: Validation parameters of the whole method inclusive sample preparation at the ultra-trace level
Mean recovery (%, 0.1 - 0.3 µg/L, n= 9) 96.4
Repeatability of derivatization (% RSD, n= 4) 2.8
System repeatability (% RSD, n= 3) 4.6
System reproducibility (% RSD, n= 3)
c= 0.1 µg/L 16.5
c= 0.2 µg/L 10.9
c= 0.3 µg/L 5.6
Mean overall system reprucibility (% RSD, n= 9) 11.0
LOD calculated (µg/L) 0.02
LOQ calculated (µg/L) 0.08
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Table 3.2: Analysis of spiked groundwater samples by HPLC-MS/MS and HPTLC-FLD
Spiking Level LC-MS/MS HPTLC-FLD
(µg/L) (µg/L) (µg/L)
Sample 1 - <LOQ <LOQ
Sample 2 0.05 0.07 0.09
Sample 3 0.15 0.18 0.24
Sample 4 0.50 0.59 0.60
3.5 Concluding remarks
A new HPTLC-FLD method for the determination of acrylamide in drinking water was developed,
which is based on the derivatization of acrylamide with dansulfinic acid to a fluorescent product. It
features high specificity and sensitivity while being a cost-effective method in terms of equipment (no
MS/MS) and standards (no isotope labelled ones). The calculated LOD of 0.025 µg/L showed that
this method is suited for monitoring the acrylamide limit of 0.1 µg/L in drinking water as stipulated
by EU and 0.5 µg/L as demanded by WHO and EPA. The performance of HPTLC-FLD method
was proven by validation and by comparison with HPLC-MS/MS, whereby both methods showed
comparable results. After simultaneous derivatization on the HPTLC plate, 17 runs were performed
in parallel under identical conditions resulting a cost-effective and high-throughput chromatographic
method. Hence, by this newly developed HPTLC-FLD method, an alternative to HPLC-MS/MS is
given for the routine investigation of drinking water at the ultra-trace level.
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Chapter 4
Rapid and cost effective determination of
acrylamide in coffee by planar
chromatography and fluorescence detection
after derivatization with dansulfinic acid
Reproduced with permission from Journal of AOAC International, 2009, 92, Alpmann, A.; Morlock,
G. Rapid and cost effective determination of acrylamide in coffee by planar chromatography and fluo-
rescence detection after derivatization with dansulfinic acid., 725-729, ©2009 AOAC International.
4.1 Abstract
A new method has been developed for the determination of acrylamide in ground coffee by planar
chromatography using pre-chromatographic in situ derivatization with dansulfinic acid. After pres-
surized fluid extraction of acrylamide from the coffee samples, the extracts were passed through
activated carbon and concentrated. These extracts were applied onto a HPTLC plate silica gel 60 and
oversprayed with dansulfinic acid. By heating of the plate acrylamide was derivatized into the fluores-
cent product dansylpropanamide. The chromatographic separation with ethyl acetate and tert.-butyl
methyl ether was followed by densitometric quantification at 254/>400 nm using a 4 point-calibration
via the standard addition method over the whole system for which acrylamide was added at different
concentrations at the beginning of the extraction process. The method was validated for commer-
cial coffee. The linearity over the whole procedure showed determination coefficients (R2) between
0.9995 and 0.9825 (n = 6). LOQ at a signal-to-noise ratio of 10 was determined to be 48 µg/kg.
The within-run precisions (RSD, n = 6) of the chromatographic method were established to be 3 %.
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Commercial coffee samples analyzed showed acrylamide contents between 52 and 191 µg/kg which
was in correlation with other literature findings.
4.2 Introduction
Acrylamide is a widely employed chemical. It is used in the chemical industry e. g. for the produc-
tion of textiles and cosmetics and as grouting agent for dams and tunnels. acrylamide is classified
by the International Agency for Research on Cancer (IARC) as probably carcinogenic to humans
(group 2A) und is neurotoxic in higher doses [36, 44]. Furthermore its mutagenic, genotoxic and
carcinogenic effect to animals has been shown. In the year 2000 the possibility of its formation in
food has been postulated [63]. This theory was verified by high analytical findings of acrylamide
in several heat-treated foods two years later [64]. Subsequent worldwide research found out, that the
substance is produced basically by a reaction between asparagine and reducing sugars at temperatures
above 120 ◦C, known as the Maillard reaction [2]. In model experiments additional ways of forma-
tion with acrolein, acrylic acid and other carbohydrates were identified [24]. The methods for acry-
lamide determination were mainly based on high performance liquid chromatography coupled with
tandem-mass spectrometry (HPLC-MS/MS) or gas chromatography coupled with mass spectrometry
(GC-MS) [60-62]. For sample preparation HPLC-MS/MS methods mainly used liquid extraction by
water, followed by a clean-up step with solid phase extraction (SPE) for which polymer-materials
were employed having ion-exchange as well as reversed phase properties. In addition the extracts of
fat-rich samples, like potato crisps and chips, were defatted. Final quantification by HPLC-MS/MS
was performed by selected reaction monitoring. In addition to the protonated molecule of acrylamide
at m/z 72 the characteristic mass transitions (m/z 72 - 55 and 72 - 27) were important because of
its small molecule mass of 71 Da. Interferences by various matrices made necessary the application
of isotopically labeled standards for identification and quantification [152-154]. For GC-MS, aque-
ous extraction of acrylamide was followed by bromination after addition of potassium bromide or
bromine-saturated water to the extract. This reaction took between one and several hours depending
on the internal standard applied. Often this was done overnight in a refrigerator. A subsequent liquid-
liquid extraction transferred the resulting product (2,3-dibromopropanamide) into an organic solvent,
which was directly injected [9, 79]. 2,3-Dibromopropanamide was more volatile and was detected
more selectively because of its higher molecular mass. Disadvantages were the long reaction time
of the bromination step and the use of dangerous chemicals. Furthermore an uncontrollable dehy-
drobromination of the product in the GC injector (liner) can lead to decreased findings. For GC-MS
methods without prior derivatization, the sample was extracted with an organic solvent, which was
directly injected [9]. For this approach one has to pay attention to the completeness of extraction,
since certain food matrices like crisp bread may require a prior swelling [60]. In addition the for-
mation of acrylamide in the GC injector, caused by co-extracted precursors, may lead to increased
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findings [61]. Even though the chromatographic resolution of HPLC and GC methods is excellent
and the selectivity of mass spectrometric detection, especially MS/MS, is very high, some interfer-
ences may occur. Firstly peaks have been reported with identical retention times to acrylamide and
isotopic marked standards. Secondly similar mass transitions to acrylamide and standards may occur
in complex matrices [60]. All these methods require expensive equipment and are able to analyze
just one sample at a time. In contrast, high-performance thin-layer chromatography (TLC) is a rea-
sonable choice for routine analysis because of its cost-effectiveness and its ability to analyze several
samples in parallel in one run. It is highly tolerant towards matrix and selective derivatizations are
easily achievable. It must be noted that the latter advantage post-chromatically compensates the low
separation power because the derivatization is able to selectively detect the analyte(s) despite poten-
tial co-eluting matrix. In a recent paper [156] a method has been described to transform acrylamide
into a fluorescent product by derivatization with dansulfinic acid directly on the HPTLC plate. After
chromatographic separation dansylpropanamide (DPA), the derivatization product, was quantified by
fluorescence detection. By means of this method it was possible to examine drinking water for the
presence of acrylamide down to 0.1 µg/L, which is the maximum concentration allowed according to
the EU Drinking Water Directive 98/83/EC. The results showed good correlations to measurements
by LC-MS/MS. The aim of this study was the transfer of this simple and cost effective method to a
more complex food matrix like coffee in order to present an alternative to established methods.
4.3 Experimental
Apparatus (a) Extraction system. - Accelerated Solvent Extraction (ASE) 200 was purchased from
Dionex (Sunnyvale, CA, USA). (b) Clean up. - Empty 6 mL-SPE cartridges and polyethylene frits
were obtained from Supelco (Bellefonte, PA, USA). (c) HPTLC system. - The sample extracts were
applied onto HPTLC plates silica gel 60 (Art. no. 105641, Merck, Darmstadt, Germany) by means
of the Automatic TLC Sampler 4 (ATS4, CAMAG, Muttenz, Switzerland). The plates were heated
using the TLC Plate Heater III (CAMAG), followed by chromatography in the twin-trough chamber,
20 cm x 10 cm, or Automatic Developing Chamber 2 (ADC 2, both CAMAG). Densitometry was
performed by means of the TLC Scanner 3 (CAMAG). Plate images were documented by the doc-
umentation system DigiStore 2 (CAMAG), consisting of the illuminator Reprostar 3 with the digital
camera Baumer optronic DXA252. All instrumentation was controlled and all data were processed
by winCATS software, version 1.4.2.
Reagents (a) Acrylamide, Florisil (150 - 250 µm magnesia silicate), activated carbon (p.a., particle
size ca. 1.5 mm), sulfuric acid (p.a., 95 - 97 %) and sodium sulfite (≥ 96 %) were purchased
from Merck. (b) Isolute HM-N was from International Sorbent Technology (Hengoed, UK). (c)
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Dansylchloride (≥ 99 %) was obtained from Fluka (Buchs, Switzerland). (d) All solvents used for
extraction and planar chromatographic separation were at least chromatography grade or distilled
prior to use. (e) Bientionized water (18 MΩ/cm2) was obtained by a Synergy System (Millipore,
Schwalbach, Germany). (f) Polypropylene glycol (average mass weight of 2000) was purchased from
Mallinckrodt Baker (Deventer, Netherlands).
Synthesis of sodium dansulfinate The compound was synthesized according to Scully et al.
[149]. Briefly, to 10 mL of water, which was warmed to 70 ◦C, 2.3 g of sodium sulfite was added.
Dansylchloride (1 g) was added to the stirred solution and for 5 h the temperature was kept at 70 -
80 ◦C. The solution was cooled down to room temperature. Acidifying to pH 4 with sulfuric acid pre-
cipitated dansulfinic acid. The solution was filtered and the precipitate was air-dried. By its addition to
a solution of sodium methoxide the product was converted to its sodium salt. After evaporation of the
methanol, sodium dansulfinate (sodium 5-dimethylaminonaphthalene-1-sulfinate) was obtained.
Standard solutions A methanolic acrylamide standard solution was prepared (1 ng/ µL). For
preparation of the dansulfinic acid solution used as derivatization reagent 16 mg of sodium dan-
sulfinate were dissolved in 10 mL methanol (1.6 µg/ µL). These solutions stored at 5 ◦C were stable
for at least 4 months.
Samples and their preparation Ground coffee of different brands was purchased from supermar-
kets in Stuttgart and stored at room temperature. Firstly 2 g of ground coffee each were mixed with
1 g of Isolute HM-N. These mixtures were transferred into ASE sample cells (22 mL volume) which
were previously filled with 3 g Florisil. For every sample 3 standard additions were prepared in the
same manner and spiked with 250, 500 and 750 µL acrylamide standard solution to obtain spike con-
centrations between 125 and 375 µg/kg. Then the sample cells were filled up with Isolute, closed to
finger tightness and placed in the carousel of the ASE. The samples were extracted with acetonitrile
using the following conditions: temperature of 40 ◦C with 2 min heat-up period under a pressure of
10 MPa and three static cycles with a static period of 4 min. The flush volume was 80 % of the
extraction cell volume. The sample cells were purged using pressurized nitrogen (125 - 150 psi) for
200 s. Secondly for clean-up, the extracts were passed by gravity through SPE columns filled with 1
g activated carbon. The cleaned extracts flew directly into a 50 mL pear-shaped flask each and were
reduced to about 1 mL on a rotary evaporator. The final solutions were transferred into sample vials,
adjusted to a volume of 1 mL under a stream of nitrogen and applied to planar chromatography.
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Derivatization and HPTLC conditions 40 µL aliquots of the sample and spiked sample solutions
were applied as areas (6 mm x 3 mm, width x height) and oversprayed with 40 µL of the dansulfinic
acid solution on each area (64 µg/area). Additionally, once per plate, 40 µL acrylamide standard
solution (1 ng/ µL) were applied and analogously oversprayed (reference track). The dosage speed
was 500 nL/s and the spray nozzle was heated at 50 ◦C. For application of 17 tracks the following
pattern was chosen: 8 mm from the lower edge, 20 mm from the left edge, 10 mm between tracks.
The plate was heated at 120 ◦C for 1 hour. After focusing of the areas by development with methanol
for 5 s and intermediate drying for 30 s in a stream of warm air, chromatography was carried out with
a mixture of ethyl acetate and tert.-butyl methyl ether (8 + 2, v/v) up to a migration distance of 70
mm (migration time 15 min). Then, the plates were dried in a stream of warm air for 2 min. For
fluorescence enhancement the plate was dipped into a solution of 25 % polypropylene glycol in n-
hexane (dipping time 1 s, dipping speed 5 cm/s) and dried immediately. Densitometry was performed
via fluorescence measurement at 254/>400 nm with a slit dimension of 4 mm x 0.3 mm. HPTLC was
performed in a darkened room at a relative humidity of the ambient air between 18 and 35 % and
temperatures between 18 and 25 ◦C.
4.4 Results and Discussion
Method development Pre-chromatographic in situ derivatization of acrylamide into a yellowish
green dansyl fluorophor (Fig. 4.1) was automatically performed by overspraying the coffee extracts
applied and subsequent heating of the plate. It allowed selective and cost-effective detection of acry-
lamide in the complex coffee matrix without extensive sample preparation. HPTLC was robust re-
garding the high matrix-load and the excess of the derivatization reagent using area application. acry-
lamide extraction from ground coffee was automatically performed by ASE, followed by a simple
clean-up (just passing) through active carbon and subsequent concentration of the extract (Fig. 4.2).
In contrast to other methods for determination of acrylamide in coffee [78, 155] any clean-up with
Carrez solutions and any SPE with conditioning, washing and elution steps were not required.
The mobile phase was adjusted to the coffee matrix and finally a mixture of ethyl acetate and tert.-
butyl methyl ether was chosen. On one HPTLC plate 4 samples were analyzed in parallel. Four tracks
were required for each sample (original sample and sample spiked at three different concentrations).
A typical chromatogram of the analysis of a coffee sample is shown in Fig. 4.3. Identification of
acrylamide was confirmed by the application and derivatization of the acrylamide standard solution
on each plate (reference track) and additionally by the standard addition method. The hRF-values
of DPA were between 35 and 45, without use of the plate activity control offered by the ADC 2.
Interfering peaks were absent.
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Figure 4.1: Prechromatographic in situ derivatization of acrylamide (1) with dansulfinic acid (2) into the fluo-
rescent product dansylpropanamide (3)
Method validation Quantification was performed by means of the standard addition method using
three different concentration levels. The acrylamide content of the unspiked sample was calculated
from the resulting calibration curve for which the peak heights were plotted against the amount of
acrylamide spiked (Fig. 4.4). Linearity via the standard addition method was acceptable showing
determination coefficients (R2) between 0.9995 and 0.9825 (n = 6). The calibration in matrix by
the standard addition method performed across the whole system was conditio sine qua non because
it corrected potential systematic errors of sample preparation and derivatization via its calibration
curve.
Other quantification techniques were not suitable for this task. For example the standard addition at
the sample application step (in situ applied on sample areas to perform the calibration in matrix) or
the external calibration with the acrylamide standard solution (without any matrix) showed different
slopes of the calibration function (Fig. 4.5). The slope difference indicated a proportional systematic
error. Moreover in comparison with the standard addition method performed across the whole system
(Fig. 4.5) the fluorescence was more intensive. Thus polynomial calibrations were best over the en-
larged signal range. All in all for coffee, the most reliable and accurate quantification was obtained via
calibration in matrix using the standard addition method performed across the whole system inclusive
sample preparation. It had the great advantage to compensate any loss during sample preparation and
derivatization as well as any potential interference by matrix. Hence the correction of the findings by
a recovery rate was dispensable. Fluorescence enhancement was obtained by dipping the plate into a
polypropylene glycol - n-hexane solution. The limit of quantification (LOQ) was determined via the
signal-to-noise ratio of 10 and showed a LOQ of 48 µg/kg. The within-run precision (RSD, n = 6) of
the chromatographic method was determined to be 3 % by quantification of the same coffee sample
applied sixfold on the same HPTLC plate.
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Figure 4.2: Flowchart of the whole procedure for determination of acrylamide in coffee
Sample analysis Five coffee samples analyzed by the newly developed, validated method showed
concentrations of acrylamide between 52 and 191 µg/kg (Tab. 4.1). These values were in accordance
with literature findings [78, 100, 157], which demonstrates the methods‘ applicability. Unfortunately
no certified reference material was available during the study. The whole HPTLC procedure was au-
tomated in all its single steps when the ADC 2 was used. All in all the analysis time calculated for the
sample load on one HPTLC plate took almost 2 h (30 min for application, 60 min for derivatization
(heating), 15 min for chromatography, and 10 min for detection). On one HPTLC plate 16 sample
tracks were applied (4 samples and 3 standard additions each) plus one reference track. This led to
an analysis time of 7 min per sample. Thereby the personal work was minor, being reduced to plate
Table 4.1: Acrylamide concentrations of commercial ground coffee samples
Sample Acrylamide concentration, µg/kga
Coffee 1 89
Coffee 2 52
Coffee 3 62
Coffee 4 152
Coffee 5 191
a Quantified by calibration in matrix via standard addition across the
whole procedure, which compensates for any systematic errors.
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Figure 4.3: a) Image of a developed HPTLC plate (section) showing a coffee sample (track 1) and three standard
additions ranging from 125 to 375 µg/kg (tracks 2, 3, and 4). Fluorescent zones of dansylpropylamide are
visible within the marked horizontal lines. b) Fluorescence scan (254/>400 nm) of the four tracks in the
range marked
transfer operations between the instruments. The rapid analysis and mostly automated, minimized
sample preparation allowed the application of the standard addition method across the whole proce-
dure which was considered to be of high accuracy due to the compensation of any systematic error
(robust calibration).
4.5 Conclusions
The new HPTLC method for determination of acrylamide in coffee showed sufficient selectivity by
derivatization of acrylamide with dansulfinic acid to a fluorescent product. An excessive clean-up
was not necessary because of the high tolerance of planar chromatography towards matrix and excess
of derivatization reagent. At the same time this method was demonstrated to be a cost-effective
alternative since no mass spectrometric detection and isotopically labelled standards were needed.
The ability to automate sample extraction and all single HPTLC steps as well as to analyze several
samples in parallel on one HPTLC plate made this a very efficient and rapid method. Its reliability
and accuracy were assured by the standard addition method across the whole procedure.
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Figure 4.4: Linear calibration curve of dansylpropylamide in a coffee sample via the standardaddition method
across the whole procedure: unspiked coffee (A) and the coffee spiked with 125, 250, and 375 mg/kg
acrylamide (B, C, and D, respectively) showing an original acrylamide content of 47 mg/kg in the unspiked
coffee (y = 0)
Figure 4.5: Calibration curve obtained by in situ standard addition onto the application area of the coffee
sample () versus that obtained by standard solutions without any matrix influence (4). The curves show
different slopes
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Summary
Planar-chromatography (High-Performance Thin-Layer Chromatography, HPTLC) is a rapid and
cost-effective offline separation method. Through advances in the automatization of each step the
system reproducibility, from application and development to detection, has been improved. This
makes planar-chromatography a highly reliable technique. HPTLC shows a couple of features that
make it unique. There is great flexibility concerning application, development and detection that dis-
tinguishes HPTLC from other techniques. Especially the parallel development of up to 36 tracks per
plate, the possibility of pre-chromatographic derivatization on the stationary phase, application vol-
umes from nL up to mL, two-dimensional development, automated single or multiple development,
and the multiple detection with different methods (UV, fluorescence, bioluminescence, etc.) have to
be emphasized. A further advantage over column- (LC) and gas-chromatography (GC) is the single
use of the stationary phase. This leads to a high tolerance towards sample matrix and allows for re-
ducing sample preparation. Because of these aspects, planar-chromatography is an interesting tool
for each analyst.
However, in the last years hyphenation with mass spectrometry (MS) did not make great advance-
ments in comparison to HPLC and GC: thus, planar-chromatography became less attractive. There-
fore an existing universal hyphenation (ChromeXtract by Dr. Luftmann), that was based upon a
plunger for elution, was improved (publication 1). The original version of the plunger did not allow
any elution from glass backed plates, since they broke easily under the pressure applied during clamp-
ing. It was difficult to adjust the pressure depending on the experience of the operator. Furthermore,
solvent leakage was possible because of insufficient sealing of the cup-point. For a reproducible con-
tact pressure that was independent from the experience of the operator, a commercial torque wrench
was used for clamping of the plates. This guaranteed reproducible contact pressure. The installation
of a small plastic buffer into the plunger ensured a slight kind of attenuation. This decreased the
frequency of leakage from over 50 % to below 5 %.
An important criterion of applicability of this hyphenation is the repeatability of the extractions and
thus the measurements. Thus, zones of xanthylethylcarbamat (XEC) and dansylpropanamid (DPA)
were extracted after chromatographic development. Their specific masses were detected in positive
ESI-mode. The relative standard deviation of the signal in single-ion-monitoring (SIM) mode was
18.6 % for XEC and 8.7 % for DPA. Linearity was given in the range of 10 to 200 ng/zone with
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a very good correlation coefficient (r ≥ 0.9919). The limit of quantification at an S/N-ratio of 10
was calculated by means of the blank signal and amounted 52 and 160 pg/zone for XEC and DPA,
respectively. Additionally, the influence of the elution solvent on the extraction of the HPTLC-plate
and signal intensity was demonstrated with tests using different solvents.
The second publication addressed the application of planar-chromatography hyphenated with MS by
means of the modified ChromeXtractor on the determination of acrylamide in drinking water. The
strict limit within the EU of 0.1 µg/L until then was only controlled through costly methods that were
almost exclusively based on GC-MS or LC-MS/MS after applying intensive clean-up procedures.
Thus it was aimed to develop a low priced and rapid alternative method for routine analysis based
on HPTLC. Therefore a pre-chromatographic in-situ derivatization of acrylamide with a fluorescence
marker was used. The product was detected densitometrically after chromatographic separation. Dur-
ing development of the method, the mass of the reaction product was determined for analysis of the
derivatization step. With the aid of the modified ChromeXtract the product could be directly ex-
tracted from the plate and transferred to MS. The exact mass proved that instead of the originally
used fluorescence marker dansylhydrazine the dimethylaminonaphthaline(Dan)-sulfinic acid reacts
with acrylamide. Consequently, dansulfinic acid was synthesized and used for derivatization.
To take advantage of the high tolerance of planar-chromatography towards various sample matrices,
an approach was searched in order to skip sample preparation. However the necessity to use excess
of reagent led to high background fluorescence. This allowed only a limit of detection of 20 µg/L.
Thus, sample preparation and analyt enrichment was necessary to obtain a method able to control the
maximum concentration. In accordance with DIN 38413-6 concerning determination of acrylamide in
drinking water, activated carbon was used for analyte enrichment by means of solid phase extraction
(SPE). An internal standard (dimethylacrylamide) was added prior sample preparation. The final
extract was analysed as described. In spiked samples of drinking water, a 1000-fold lower limit of
detection of 0.02 µg/L and a very good mean reproducibility across the whole system was shown,
which suffices to control the maximum amount. A comparative study with measurements by LC-
MS/MS revealed satisfactory correlation. Thus, for the first time a planar-chromatographic method
for the determination of acrylamide at ultra-trace levels were presented.
The third publication addresses the application of the developed method on a very complex food
matrix like coffee. Several publications reported problems during determination of acrylamide in cof-
fee. Therefore the extremely high tolerance of planar-chromatography towards sample matrix effects
was used, allowing for a shortened sample preparation. The idea of a rapid method was followed
by the extraction of commercial coffee samples by means of accelerated solvent extraction (ASE).
This allowed for higher throughput during sample preparation. To remove a part of the co extracted
matrix, the whole ASE-extract was cleaned by SPE with activated carbon and evaporated to a defined
volume. This represented a simplification of common multistage extraction methods and clean-up
steps, that aim for complete removal of co extracted matrix prior injection into LC- or GC-systems.
54
CHAPTER 4. RAPID AND COST EFFECTIVE DETERMINATION OF ACRYLAMIDE IN
COFFEE BY PLANAR CHROMATOGRAPHY AND FLUORESCENCE DETECTION AFTER
DERIVATIZATION WITH DANSULFINIC ACID
In accordance with determination of acrylamide in drinking water, the extract was derivatized in-situ
with the fluorescence marker Dansulfinic acid and detected densitometrically after chromatographic
separation. The concentration of acrylamide was quantified by means of parallel preparation of three
standard additions. Systematic errors and the influence of the sample were corrected by the cali-
bration within the matrix. The linearity of the calibration (between r = 0.9825 and 0.9995) were
acceptable. Good values were reached for the limit of quantification (48 µg/kg) and repeatability (rsd
3 %). After method development the acrylamide concentration of commercial coffee samples was
determined, showing results being consistent with literature findings. Thus the applicability of the
newly developed method to complex food samples was demonstrated.
In summary, the present work shows the applicability of planar-chromatography hyphenated with
mass spectrometry for sensitive determination of acrylamide. It was possible to quantify the analyte
at ultra-trace levels using less instrumental effort and time than usual. Quantification in complex
sample matrices was feasible in spite of a simplified sample preparation. These applications prove
the relevance of planar-chromatography to solve current analytical problems.
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Zusammenfassung
Bei der Planar-Chromatographie (High-Performance Thin-Layer Chromatography, HPTLC) handelt
es sich um eine schnelle und kosteneffektive offline Trenntechnik. Die Entwicklungen in der Automa-
tisierung der einzelnen Schritte führten zu einer stetigen Verbesserung der Reproduzierbarkeit von der
Auftragung über die Entwicklung bis hin zur Detektion. Dies macht die Planar-Chromatographie zu
einer zuverlässigen Analysetechnik. Unter mehreren Gesichtspunkten ist die HPTLC eine besondere
Technik. Ihre extreme Flexibilität in der Auftragung, Entwicklung und Detektion heben sie von an-
deren Techniken hervor. Die parallele Entwicklung von bis zu 36 Banden pro Platte, die Möglichkeit
zur prächromatographischen Derivatisierung auf der stationären Phase, mögliche Auftragsvolumina
von nL bis mL, zweidimensionale Entwicklung, automatisierte Einfach- und Mehrfachentwicklung
und die mehrfache Detektion einer Platte mit verschiedenen Techniken (UV, Fluoreszenz, Biolumi-
neszenz, etc.) sind dabei hervorzuheben. Ein weiterer Vorteil gegenüber der Säulen- (LC) oder
Gas-Chromatographie (GC) ist die einmalige Benutzung der stationären Phase. Dies hat eine sehr
hohe Toleranz gegenüber Probenmatrix und damit verbunden eine verringerte Probenaufarbeitung
zur Folge. Dies alles macht die Planar-Chromatographie für den Analytiker zu einer interessanten
Analysetechnik.
Jedoch machte in den letzten Jahren die Kopplung mit der Massenspektrometrie (MS) nicht den glei-
chen Fortschritt, wie bei der HPLC und GC, wodurch die Planar-Chromatographie an Attraktivität
verlor. Es wurde daher eine vorhandene universelle Kopplungsmöglichkeit (ChromeXtract von Dr.
Luftmann), die auf einem Elutionsstempel basierte, verbessert (Publikation 1). Die ursprüngliche
Version des Elutionsstempel liess keine Anwendung auf Glasplatten zu, da diese beim Einspannen
schnell unter dem Anpressdruck des Stempels zerbrachen. Der Anpressdruck des Stempels liess
sich nur schwer regulieren und war von der Erfahrung des Anwenders abhängig. Des Weiteren
konnte ein Auslaufen des verwendeten Lösungsmittels durch unzureichende Abdichtung der Zone
durch die Ringschneide auftreten. Um den Anpressdruck reproduzierbar und unabhängig vom Be-
nutzer zu machen, wurde ein handelsüblicher Drehmomentschlüssel zum Einspannen der Platte ver-
wendet. Dies garantierte einen reproduzierbaren Anpressdruck beim fixieren. Durch den Einbau
eines Kunststoff-Puffers in den Stempel wurde ein leichter Ausgleich beim Anpressen gewährleistet.
Dadurch konnte die Häufigkeit des Auslaufens von über 50 % auf unter 5 % gesenkt werden.
Ein wichtiges Kriterium für die Anwendbarkeit der Kopplungsmethode ist die Wiederholbarkeit der
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Extraktionen und damit auch der Messungen. Hierfür wurden mehrere Zonen der Substanzen Xan-
thylethylcarbamat (XEC) und Dansylpropanamid (DPA) nach ihrer chromatographischen Entwick-
lung extrahiert und deren spezifische Massen im positiven ESI-Modus detektiert. Die relative Stan-
dardabweichung des Single-Ion-Monitoring (SIM) Signals lag bei 18,6 % für XEC und 8,7 % für
DPA. Die Linearität war über einen Bereich von 10 bis 200 ng/Zone bei sehr guten Korrelationskoef-
fizienten (r ≥ 0.9919) gewährleistet. Anhand des Blindwertsignals konnten die Bestimmungsgrenzen
bei einem Signal/Rausch-Verhältnis von 10 zu 52 und 160 pg/Zone für XEC und DPA berechnet wer-
den. Zudem wurde der Einfluss des Elutionsmittels auf die Extraktion der HPTLC-Platte und die
Signalintensität anhand von Versuchen mit verschiedenen Lösungsmitteln gezeigt.
Die zweite Publikation befasste sich mit der Anwendung der Planar-Chromatographie gekoppelt mit
der MS mittels des modifizierten ChromeXtractors auf die Analyse von Acrylamid in Trinkwasser.
Der in der EU geltende strenge Grenzwert von 0,1 µg/L konnte bisher nur von wenigen aufwändigen
Bestimmungsmethoden, meist mittels GC-MS oder LC-MS/MS nach intensiver Probenaufbereitung,
überprüft werden. Es sollte daher mit der HPTLC eine günstige und schnelle Alternativmethode
für die Routine entwickelt werden. Hierfür wurde Acrylamid mit einem Fluoreszenzmarker prä-
chromatographisch in-situ derivatisiert und nach chromatographischer Trennung densitometrisch de-
tektiert. Bei der Entwicklung der Methode wurde zur Untersuchung des Derivatisierungsschrittes
die Masse des Reaktionsproduktes bestimmt. Mittels modifiziertem ChromeXtract konnte dabei
das Produkt direkt von der Platte extrahiert und ins MS geleitet werden. Die exakte Masse half
dabei zu erkennen, dass statt des ursprünglich eingesetzten Fluoreszenzmarker Dansylhydrazin dessen
Dimethylaminonaphthalin(Dan)-Sulfinsäure mit Acrylamid reagiert. Dies hatte zur Folge, dass Dan-
sulfinsäure gezielt synthetisiert und eingesetzt wurde.
Um die hohe Matrixtoleranz der Planar-Chromatographie zu nutzen, wurde zunächst nach einem
Ansatz gesucht, die Probenaufarbeitung zu überspringen. Die Notwendigkeit einen Überschuss des
Reagenz für die direkte Umsetzung in der Wasserprobe zu verwenden, führte jedoch im Chromato-
gramm zu einer starken Hinergrundfluoreszenz. Dies ermöglichte nur eine Nachweisgrenze von
20 µg/L. Um eine Methode zur Überprüfung des Grenzwertes zu erhalten, war daher eine vorherige
Probenaufbereitung und Analytanreicherung nötig. Gemäss der DIN 38413-6 über die Untersuchung
von Trinkwasser auf Acrylamid wurde der Analyt unter Verwendung eines internen Standards (Di-
methylacrylamid) mittels Festphasenextraktion (Solid Phase Extraction, SPE) an Aktivkohle angere-
ichert und der Extrakt wie beschrieben untersucht. Anhand von dotierten Trinkwasserproben konnte
eine um den Faktor 1000 niedrigere Nachweisgrenze von 0,02 µg/L und eine sehr gute durchschnit-
tliche Reproduzierbarkeit über das gesamte System gezeigt werden, was ausreicht den geltenden
Grenzwert zu überprüfen. Vergleichsuntersuchungen mit HPLC-MS/MS-Messungen zeigten eine
äusserst zufriedenstellende Korrelation. Insgesamt konnte zum ersten Mal eine planar-chromatograph-
ische Methode vorgestellt werden, die es ermöglicht, Acrylamid im Ultra-Spurenbereich zu bestim-
men.
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In der dritten Publikation wurde die entwickelte Bestimmungsmethode auf die sehr komplexe Lebens-
mittelmatrix Kaffee übertragen, denn es wurde in mehreren Publikationen hierbei von Problemen bei
der Acrylamid-Bestimmung berichtet. Hierfür konnte die Matrixtoleranz der Planar-Chromatographie
genutzt werden, die eine verkürzte Probenaufarbeitung ermöglichte. Der Ansatz einer schnellen
Untersuchungsmethode wurde durch die Extraktion von kommerziell erhältlichen Kaffees mit Hilfe
der beschleunigten Lösungsmittelextraktion (Accelerated Solvent Extraction, ASE) weiter verfolgt.
Dadurch wurde ein grösserer Probendurchsatz bei der Aufbereitung möglich. Um einen Teil der mit-
extrahierten Matrix zu entfernen, wurde der gesamte ASE-Probenextrakt einer SPE mit Aktivkohle
unterzogen und anschliessend auf ein definiertes Volumen eingeengt. Dies stellte eine Vereinfachung
zu den üblichen mehrstufigen Extraktions- und Aufreinigungsschritten dar, die eine weitestgehende
Entfernung der coextrahierten Matrix vor der Injektion in ein HPLC- oder GC-System zum Ziel hat-
ten. Der so vorbereitete Extrakt wurde analog der Bestimmungsmethode für Wasser in-situ mit dem
Fluoreszenzmarker Dansulfinsäure umgesetzt und nach chromatographischer Auftrennung densito-
metrisch erfasst. Durch die parallele Aufarbeitung von drei Standardadditionen konnte der Acry-
lamidgehalt bestimmt werden. Die Kalibration in der Matrix korrigierte systematische Fehler und
Einflüsse der Probe über die gesamte Methode. Die Linearität der Kalibrationen (zwischen r = 0.9825
und 0.9995) war akzeptabel. Die Bestimmungsgrenze und Wiederholbarkeit zeigten mit 48 µg/kg
und 3 % relativer Standardabweichung gute Werte. Nach der Methodenentwicklung wurde von kom-
merziell erhältlichem Kaffee der Acrylamidgehalt bestimmt, wobei die erhaltenen Werte mit Angaben
aus der Literatur übereinstimmten. Es wurde damit die Anwendbarkeit der neu entwickelten Methode
auf schwierige Lebensmittel demonstriert.
Zusammengefasst zeigt die vorliegende Arbeit die Anwendbarkeit der Planar-Chromatographie in
Verbindung mit der Massenspektrometrie für die empfindliche Bestimmung von Acrylamid. Es ist
gelungen, mit einem Bruchteil des üblichen apparativen und zeitlichen Aufwands den Analyten zum
einen bis hin zum Ultra-Spurenbereich zu quantifizieren. Des weiteren wurde trotz einer verkürzten
Probenaufarbeitung die Quantifizierung in einer problematischen Matrix möglich. Diese Anwendung-
en stellen die Relevanz der Planar-Chromatographie für moderne analytische Fragestellungen unter
Beweis.
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